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INTRODUCTION 


An  examination  of  the  various  objects  in  this  department  of  the  Ex 
position  leads  to  the  conclusion  that  since  the  former  international  ex- 
hibitions verj'  little  has  been  presented  that  is  actually  new.    AVhile  dis- 
playing a  great  variety  of  beautiful  modifications  of  instruments  em- 
ployed in  the  transmission  of  messages,  showing  the  utmost  mechanical 
skill  and  workmanship,  deserving  of  the  highest  praise,  it  is  found  that 
m^t  of  them  have  already  been  exhibited  in  former  international  exhi- 
bitions, and  have  been  noticed  and  described  in  the  various  reports  of 
those  exhibitions.    Such  instruments,  for  the  most  part,  therefore,  will 
require  but  a  brief  mention. 

Some  of  the  diflSculties  that  were  encountered  in  the  pursuit  of  in- 
quiries may  as  well  be  stated  in  the  outset.  The  articles  to  be  examined 
in  the  Exposition  were  not  collected  or  arranged  in  one  place  as  a  class, 
but  were  widely  dispersed  under  the  products  of  the  different  countries, 
and  bad  to  be  sought  for  in  comparatively  obscure  parts  of  the  vast 
area,  surrounded  by  objects  of  a  totally  different  character.  Some  of  the 
instruments  although  named  in  the  catalogue,  could  not  be  found ;  some 
named  were  actually  not  exhibited.  Others  had  their  complicated 
machinery  carefully  conOvCaled  under  glass  cases,  or  in  their  close  frames 
of  wood  or  brass,  with  the  rather  repulsive  label "  ne  toncliez  pas,  S.  V.  P.," 
to  be  met  on  the  threshold,  and  which,  though  more  politely  expressed 
than  our  blunt  Anglo-Saxon, "  luinda  ojf,"  was  quite  as  effective  a  barrier  to 
free  inquiry.  To  add  to  this  inconvenience,  there  were,  in  most  instances, 
no  jiersons  at  hand,  when  the  instruments  were  found,  to  explain  the 
apparatus,  and  no  printed  or  other  description  to  be  obtained.  If,  there- 
fore, some  of  the  instruments  deserving  of  notice  in  this  report  are 
unnoticed,  it  will  be  seen  that  the  neglect  is  one  of  necessity,  and  not 
of  choice. 
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TELEGRAPHIC  APPARATUS,  ETC; 


CHAPTER  I. 
TELEGRAPHS. 

DcnNrrroK  or  teleoraph  axd  semaphore,  msTiNcnox  between  tiiem—Etymoloov 

W  THE  TWO  WORI>8 — ChRONOORAITI  AND  CHR0XO9C0PE — No  EXAMPLE  OF  A  TELE- 
GRAPH UXTIL  1832 — EXTKJ<JSlON  OF  TELFXIRAPHIC  AN^D  SEMAPHORIC  SYSTEMS  THROUGH - 
OCT  THE  WORLD — ^ReSULTS  FLOWING  FROM  THE  INVENTION  OF  THE  GEXERIC  TELE- 
ORAPH— Science  advanced  by  the  telegraph — Piuncipal  discx)verie.s  in  elec- 

TRICITT  AND  MAGNETISM  PRIOR  TO  THE  INVENTION  OF  THE  TELEGRAPH — TlIE  MoRSK 
HY«TEM  ADOPTED  BY  THE  INTERNATIONAL  CONVENTION  AT  P.UHS — ThE  MoRSE  SYSTEM 
DEflCRIBEI>— The    RELAY   OR    SECONDARY    CIRCITIT — ^MODIFICATIONS    OF  THE   MORSF 

APPARATCS — Siemens  akp  Halskf/s  Austrian  military  telegraph— Hughes's 

PRINTING  TEI.EGRAPH,  ITS  CONSTRUCTION  AND  OPERATION — ArLINCOURT'S  PRtNTING 
apparatus — DUJARPIN'S  PRnrriNG  TELFXJRAPH — PaNTELEGRAPHS — BONELLI'S  PAN- 
TELRGRAPHIC  APPARATl'S  AS  MODIFED  BY  CoOK — kBBf.  CaSBLLI'S  PANTELEGRAP^ — 
LB3fOIR*S  MODIFICATION,  THE  ELECTROGRAPH. 

Tlie  telegraph,  in  the  comprehepsive  sense  in  which  it  is  usually  hut 
erroneously  applied  to  all  modes  of  (communicating  at  a  distance,  is  a 
ver>'  ancient  invention,  and  in  this  expanded  general  sense  cannot  there- 
fore l>e  claimed  by  any  modem  inventor.  But  in  the  true  st»nse  of  the 
word,  as  signifying  imprinting  or  writing  at  a  distance,  the  telegraph  is 
a  modem  invention,  and  does  not  date  further  back  than  the  vesir  1832. 

It  is,  therefore,  proiwsed  to  use  the  term  telegraph  in  its  strict  et,\Tno- 
logieal  sense;  thus  distinguishing  it  from  all  other  modes  of  communi- 
cating at  a  distance  with  w  hich  it  has  hitherto  been  confounded. 

The  terms  telegraph  and  semaphore  conveniently  comprise,  under  two 
generic  heads,  all  the  modes  of  communicating  intelligence  from  a  dis-' 
tance  not  dependent  ux)on  actually  sending  it,  either  written,  printed,  or 
verliaL  by  some  sort  of  couriers  who  travel  over  the  interval  between 
two  or  more  iMiints  of  intercommunic^ition. 

If  the  et^Tnology  of  the  two  words  telegraph  and  semaphore  be  exam- 
ined, it  will  be  perceived  that  the  term  telegraph  from  -njXs,  at  a  distance, 
and  jpatfw^  to  write  or  imprint,  and  the  term  semaphore,  from  <nj/ia,  a  sig- 
nal, and  c/Mo,  to  bear  or  convey,  very  accurately  designate  the  difference 
between  the  two  modes  of  communicating  to  a  distant,  to  all  which 
modes  has  hitherto  been  iudis<*.riininately  a]>plied  the  ajipeUative  tele- 
p^fik,  but  not  accurately,  for  it  cannot  strictly-  be  applied  to  the  setm* 
apbore,  since  the  semaphore  neither  writes  nor  prints  its  sigimls  at  a 
diBtanoe.  Professor  Wheatstone  (in  a  note  on  page  89,  Juror's  Kqiort 
of  1882)  makes  •  very  proper  discrimination  between  two  instruments 
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\\\\\v\\  In*  (IrscriUotf,  if;|OiVjft((;:flit'iii  i\w  diroiiosco]>o  and  the  chronograph. 
A  .siiuijnr  tliii'luiiljiatuViriiiiiy  be  very  Justly  made  between  the  telegraph 
;iud*,ilH\}^(*ihuV^<^i'<'*  PiHifessor  Wlieatstone  defines  " ehi^onoseope  as  an 
•.  •..^.'t\'if'^»»<'^»l  h>  wliu'li  (lie  interval  of  time  is  observed,  and  chronograph 
.  .'•.  •  i\\\  iusinunent  b>  wliieli  it  etiuhl  be  recorded."  This  is  precisidy  the  dif- 
teuMiet*  between  the  semaphore,  which  shows  a  sigiml  to  be  observed, 
and  the  teh'«;raph,  Uy  which  the  signal  is  ivconled. 

No  example  ot'  a  leh'graph,  theivtbre,  in  the  strict  sense  of  the  wortl, 
ap|M'ars  u»  !ia\e  t»\isted  pn»vii>us  to  the  year  1S;32.  All  the  systems  of 
communie.it ion  to  and  Inau  a  distance  until  that  date  were,  without 
e\eepiion«  Minaphores.  True,  in  nmst  instances,  they  bear  the  general 
U;ime  ol  (eh'^niphs,  y\  an  e\aminatii»n  of  the  end  im)iM)S(Hl,  the  modes 
emploxed,  and  the  i>esnUs  obtained,  will  show  that  none  of  them  bad 
xwwu^  \\u\\\  i\  tifiunitixe  title  to  tin*  name  telegraidi.  All  of  them  propose 
ImiI  the  I'oiixeuinee  ol'  ail  exanesct^ut  signal:  none  of  them  pTt>iK)se  a 
wiuteii  Ol  |ti  lilted  retuad  ot  their  intelligence.  !None  of  them,  therefore? 
wen*  tilt*  (l\  leh'Kt'a|tlis. 

NN  ithiii  II  |»eiiotl  wi  aluait  thirtx  \ears  the  telegraphic  systems, as  well 
ai  I  lie  leiihiptuaie,  l»>  eleelrieilx  haxe  literaUv  Ihvu  extendtnl  tliruugh- 
oiii  I  he  \\oild»  not  oid,x  eoxeiiiig  tlie  \ast  aiva  of  the  two  hemispheres 
»\u  li  Willi  4i  net  work  ot*  iht^so  intelKvtual  railwavs,  but  the  subtle  tele- 
^ixiploe  i)iiv<id«  thi^iii>;lt  American  and  l^ritish  enten^rise,  has  lieeu  car- 
lud  ioi\leui\\iih  I  tie  deep  Atlantic,  uniting  tog\'thcr  the  two  greait  uet- 
w\x»W>  \»l   I  he  iw\»  heiuiHplioi^i^s, 

rh\s  X  iHi  iviix  iil.iiioii  ol  ehvtncal  c^mductors  is,  for  the  most  iuirt, 
.'.^^^l  u'l  u^K'k;i.iphi\^  puiposoN;  MMiie  \»t'  the  cuvtrioal  systems  for  oom- 
i»ivi\ii\  iui»i\  M  .1  di-»niive  ^ii^\  iiidee*U  MiU  s^'mapUoric,  bur  evfu  these 
Mv  I'.uMx^  ol  Uwi  modiiUd  bx  iho  cKhuumI  aud  u'.tvhauical  uu*uns  that 
*■  sx\'  Ks»»  *\»  \  dK  u  iouhIx  appbed  iii  llie  uuhIcvu  t«  Ui;ri*;*h>* 

l'^-   \*M\\\    \u\\  \\\.\\\i{\\\'M\\^\\  ol    the  <vMciu-  tclv^r,u*h  has  n^H  only 

,*'s  -Hv'   » »»K  x^  a»  \\\  \y\\  itio  IUhw-v  .Old  <ixcv»  d','Av::\K;  lo  thr*  m^t-uuity  of 

.  • » N     ■•*'•"•  \  »»'  ♦    .»«»-.  .;\v  ^  m  k;  I  III  nun\«a  X  \  ;^  Uv'  i  u  .x  ot"  ;orv.:  ai>l  di  srriburion 

•  o     •»'  »v  *».u  '\  ■'»»  »' .%*  v.;t\\  II  .1  0\\x'i  M:v»i'.*M'  vo  fxv   :\ >t »irv*h«-s  of  the 

^'  .    .*       ■.    '' ' .  '*.»»  ".".^x-  ■ 'n"  >\  x ;  ^v  ot  *^"v:<*'0"'i»^:^\  and 
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I,  .  \.  »  fc.     ■'■»    i  vo«    ••  ■  "*'1-   ~);ac  The 
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>j^    \   ...  X       X ».      »    ^  s.  ■       ■    »^  ^  x»u    »  -1.      »txV 


i>-iiiii^ii>t  litis  jitTxIiK'i-iI  (I  iin-ul  vnrii-ty  uf  must  hi^fnitiiiit  iwiiut- 

0  itMinitnfit)8L.     It  li)i«  imiililU-il  luiil  iifi'ftH.'14-iI  tlii>  itiH^ilk-  M,V!«ti-uis 
il  tlip  (liul  or  cadran  systcma,  as  wvll  an  the  \*aripli(>s  of  tlit-  Irtter- 

[  l^lepnijiIiH.    Tlii'se  nit  owe  to  this  M|>]>licati<>ii  llioir  iinmt  clTcct- 

■  mniltx.    Till*!  will  lie  imtii'wl  in  their  place.     While  tliui",  r'ijfiiiili};' 

)  uf  iho  moiv  itiiimrtitTit  iv«iiltt<  to  wietiee,  aiicl  to  the  urt  wf 

lUiiiiiiraltitg  intelliKene*^-  lu  a  ilirituiice,  tlt)wiiig  fi-oni  i\w  iiiveiitiuii  ul' 

•  («k*ftni-lua^etiv  LeU^tfiuith,  the  writttr  wuiilil   iiul  iMStimu  so  uiiieb 

I"  |MiMtinri  of  A  iliwijveivr  in  wienef  aa  the  a|))tlinr  uf  thp  n'Hultri  of 

■utinu  JitveMtigatom  to  the  |)t'll<'lil^»l  (tevehipmejit  of  the  telegr.t[th. 

h  ttHTt'l'on-,  eminently  tlttiti;;  thiit  (he  uiore  iitiitorliini  mid  promi- 

r  thnw  (liNcovedeH  and  resnllH  shonid  hv  brietiy  uotiot^d. 

t  apittrently  iuniiinittcaiit  and  'nniiin«»rt!Uit  obwrvatioii  of  Oatvani 

1  tiic  fouiidalioit  of  the  l.riUiaiit  series  of  discoveries  wliieh  liave 

clectrif-ity  llie  srrvnnt  of  man  in  many  ways.    The  first  plans  of 

plioTvx  l)y  ejM'l.rieily  weifi  coidlnod,  till  the  year  1800.  to  mm-hiiic  or 

e  rlcrtrieity,  hut  from  the  intnietahle  natni-e  of  the  agent  eiupIoy(?d 

ii>m  provi-d  nnavaihilile.     Seniaplion's  by  electricity  were  at  that 

,  flfty  yeam  Tmiii  the  reportMl  fii-st  snugestinii  of  the  ideii  by 

'  abaudoof-il  tu*  imprmitieable.     In  the  year  ISOO  Vollft  mm- 

1  Um>  iiile  known  by  his  name.    The  clietiiical  elTcets  of  tliis  jiile  sng- 
I  the  idea  of  eleetric  com  muni  cat  ion,  by  the  eniphiymcnt  of  the 

mtMMiuf!  effects  of  Voltaii!  electrieity,  and  » »iemu)iliore  ba.se<i  njmn 

I  «uviitiBe   ftu't  reccivtnl  a  detliiite   form   in  the  conipli(;ated  and 

Hvathiblc  phm  of  Su-ininerintr  in  1811.     In  the  year  ISV.i  OerstM  dis- 

,  tteil   the  ruagiictie  ntn-dle  cindd   be  tlertecte<]  by  the  Voltaic 

eiit.     SchweiKtter  improved  tiiioi]  the  |iriniary  element  of  Oer«HHi'« 

rviTyjiiftI  an  Volla  ha*l  done  upon  his  own  primary  element  of  a 

■  iiair.  anil  dejnonstratwl  that  tlie  muynetie  effi^t  of  the  eni-reiit 

«  iniirraAHl  by  i-eiKNiliiifr  the  primary  element,  and  he»e«  resnltj.-d  his 

rtlmtuti  nuitti)tlier.    Arago.  an*!  also  Uftvy,  in  the  year  1820,  observed 

i  attmrtioM  of  iron  tiling's  by  a  conducting  wire,  and  Ara^jo  HubNe- 

Irutiy  mapietiz»'d  sl«'el  wii-es  by  inclosing  them  in  a  straight  bcUx  of 

iv,  tlmwgh  whichlhe  Vol  talc  enri-ent  was  parsed.    Ampere  discovered 

t  wbej)  tile  Voltaic  eiurent  ia  iiH^ru'd  in  the  dame  direction  through 

I  parallel  win*s  they  HtlnK-t  each  otJier,  and  that  when  passed  in 

irit4?  lUrwlions  Un-y  reja-l  eacli  other.    Vinm  this  observation  is 

!il  hl«  tlienr^'  nf  magnetism  and  electro-iMagnetism,  which  led  to  the 

J  <if  HinirnetiKing  adojited  by  Arago.     As  early  as  18:54  iiivcrti- 

laK  IiatI  cominenc*'d  upon  the  jiower  of  win's  to  condncl  Voltaic  clec- 

ty.    Two  Iii«s,ol»powd  to  each  other,  bearing  npon  the  umdncti- 

r  of  tin?  current,  wei-e  annonntuil;  the  one  by  Uarlow  in  1824,  tho 

(  Ohm  in  lKi7.     Barlow's  law  was,  "that  the  condTictibility  waa 

■\y  projiortionate  to  llie  Minaro  root  of  the  lengths,  and  directly  a« 

islcm  of  the  wiivs,  oims  the  W|Uitn>  roots  of  th^ir  sections.'*    Tlie 


jt^noteln  R4;BnltuPnukhii'«iNitfgMlloii,WBapiteiiillx  D. 


10  PARIS   UNrVTIRSAL   EXPOSITION. 

othrr  nnd  the  tnie  law  is,  "tlio  ivsistaiK'c  bv  Inxlies  to  the  coiiductiou 
of  eUH'trieity  is  din»etly  as  th(»ir  lenjcths,  and  iiiv<»r«*ly  as  the  arcNUHof 
their  <'n>ss-se<*tioiis.''  This  law,  sjiys  Dr.  Paj;re,  was  ]>n)ved  inany  yean* 
siiiee  hy  Davy,  Ponillet,  lt4M*<iiu»n«l,  Christi**,  Ohm,  Fechner,  and  others. 
It  is  now  kn<»wn  as  Ohm's  law. 

In  1S25  Mr.  Stnrj^^on.  of  Kn^land,  made  the  first  eleetix>-ma{n><*t  in 
the  lnM*sesho4»  t\>rm,  hy  loos<»ly  winding  a  ]>i(ve  of  iron  wire  with  a  Hi>iral 
of  eo])iH»r  wire.  In  the  rnit«'<l  Stat(»s,  as  early  as  1831,  the  exi>erimewtal 
res«»an*ln*s  of  Professor  Jose])li  I  I(Miry  wen*  of  ^»at  im]u>rtanee  in  advane- 
injr  the  seienee  of  ele(*ti*o>niapi(*tism.  He  may  Ik*  said  to  have  earrie<l 
the  eh'etm-majrnet,  in  its  lifting  ]>owei'R,  to  it^s  {rreatest  i>erfection. 
l{t»tlertin;i::  upon  tin*  ]nMnei])le  of  Protessor  JSehweig^er's  galvanometer, 
he  et»nstnu*ted  ma;[;nets  in  whieh  p'eat  ]H>wer  eonhl  ho  develoiHsl  hy  a 
very  small  ^alvanie  «4rn\ent.  Jlis  ]uihlished  imiK'r  in  1S;U  shows  that 
he  r\iH»rimented  witli  wiivs  of  dit1V»n»nt  lenjrths,  and  he  iK>te<l  the  anioimt 
of  nni^netism  whieh  eoidd  Ite  indneed  throngh  theni  at  vaiions  lengths 
h\  means  of  batteries  roin|His(Hl  of  a  sintrle  element  and  also  of  many 
elen»«Mits.  lie  statt^s  that  the  ma^netie  aetion  of  **a  ennvnt  from  a 
tnm^h  eompostMl  of  many  pairs  is  at  least  not  stMisihly  fliminislitMl  hy  . 
passing  (hnm^h  a  huijr  wiiv,"  and  he  ineidentally  notetl  the  iH^siriuflf  of 
this  tju't  u]Hm  \\\v  ]m»ieet  of  an  ehvt ro-ma^net it*  tele^rrsip'**  (siMnaphoiv?) 

In  moiv  nHH»nt  pa]H»rs.  first  published  in  IS57,  it  ap[»eai*s  that  Profes- 
fiov  Henry  dennmstratetl  IhM'oiv  his  pnpils  the  ]»raeti«*ability  tif  rin^riug  a 
WW  by  means  of  ehM*tiH>ina^net ism  at  a  ilistanee. 

It  is  (*laimed  \\\r  M.  Pouillet  that  in  lS;UMie  eonstnu*ted  veiy  powerftil 
nm^netson  the  saint*  tnineiplo  of  therliM'ti-o  ma<rnetsof  tlie])resent  day; 
and  alnrnt  th<»  same  time  Professor  Moll,  of  I'trtH'ht,  ex]HM'imenti»d  to 
pnnlnee  >rn»at  mapietie  «»lhM»ts  with  a  powtM-ful  jiralvanie  battery. 

The  mMMlle  system  «n'  t^leetrie  srmaphoiv  tiwes  its  oripn  to  a  sugges- 
tion oi  the  ivnowniHl  li;i  Plaee,  in  ISiHK  extiarnhnl  abont  the  same  date 
in  nn>iv  of  detail  b\  .Vm]M«n*:  it  ai^itears  to  have  Uvn  first  exiH^riniented 
«|Hm  b>  St^hillin^.  f»f  t'ronstadt,  but  i»raetieall>  n\di/ed  on  a  small  scale 
by  thostMlistin^nished  lierman  sa\ans  Messix  iians  and  WHht,  of  Got- 
tin^ren,  in  lS:i:i,  It  >Aas  imi»ro\ed  b>  Messrs.  r*mke  and  Whratstoue  in 
ISST,  and  e\rensi\el\  inlnnlneed  into  tiivat  liritain.  and,  so  far  as 
Knn>|H»an  t^Mintries  aiv  eoneonied,  tlrst  tra\isiorme«l  by  the  gi'niiis  of 
Steinheil,  o(  Munieh.  in  IS.^T.  W^^wx  an  ehvtrie  MMnatdiore  into  an  i'Kvtrie 
teh»ijraph.  In  tin*  mean  tnm*  the  tirsf  ehn^ti^^majirnetio  tele:rr.iph  was 
de\is<Ml  in  the  Iniied  States  in  IS.5l\  :iud  shown  in  pnuiiral  oiH*nition 
in  ls:C». 

If  it  lH»  askislwhat  telei:rai»hie  s\slem  is  stMviiK'aU>  annonni*t^  aii 
most  dtveh»tHHl  and  extended  ihi'^m^hont  the  \\,»ilil.  the  answer  wmiW 
!»ivm  to  Ih»  detlniteb  and  Mimmanl>  Jiixen  in  iho  pnH>H-<lin:>  of  the 
Intematitmal  rel^egraiihie  iNMnention  hehl  in  Paris  ui  Manh,  lSi.\ct>m. 
|>«is<hI  of  the  n^pivsiMitalixes  of  t ^ent\  %^i  the  pruiritMl  nations  ox  Kiin^pe, 
assinnbh«<l  for  the  s|HMMal  pur|Hw,*  %\(  examining  the  \anous  pn^uviis  in 
onler  to  adopt  a  unitonn  s\  stem,  and  to  iv»&nlate  international  tolegr^phv 
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iar  their  common  1>enefit.  They  thus  decrreo  in  their  third  artide :  "  L'ap- 
|Mml  Morse  reste  i)rovi8()in*ment  adoj^te  i)our  le  wr\ice  des  tils  inter- 
ufiouaux."  Concise  as  is  this  announcement,  as  the  result  of  their 
delilieratioiis,  it  proclaims  that  the  Morse  system — sin  Americ*an  system — 
18  preferretl  for  s]>ecial  international  service  throughout  Eurojx*. 

KuK8ia«  Norway  and  Sweden,  Denmark,  Uamburii;,  Hanover,  Prussia, 
IloUamU  Belgiuia,  France,  Wurtember^,  Bavaria,  Saxony,  Austria, 
BfHiiii,  Portugal,  Baden,  Switzerland,  Italy,  Grei^ce,  and  the  Ottoman 
Empire,  by  tlieir  resi)ective  ambassadoi*s,  took  i)art  in  this  convention, 
aod  tlu^se,  it  will  be  seen,  comprise  all  the  nations  of  continental  Euroi>e. 

Great  Britain  is  the  only  nation  in  Eui'ojk*  not  representee!  in  this 
convention;  but  even  in  Great  Brit^iin  the  ^Ioi>w*  system  is  the  one  almost 
exclusively  usetl  in  all  her  colonial  i>ossessions,  in  India,  Australia,  and 
Cana<la,  and  to  an  increasing]:  extent  also  in  the  United  Kin^lom, 
especially  in  connection  with  the  continentafteleiin^iM^h  lines. 

In  view  of  these  facts,  it  would  seem  to  Ik»  i)ro[»er,  if  not  indeed  neces- 
8arj\  to  inqnire,  as  a  i>relinunary  step  to  any  examination  of  the  t<*le- 
^rraphic  and  semaphoric  instruments  in  the  Exposition,  what  is  this 
Morae  system  which  has  obtaiued  such  uni\'ersid  iH>pulanty ! 

THE  MORSE  SYSTEM. 

The  Morse  system  was  the  intuxlucticm  and  the  addition  of  a  nc»w  art 
to  the  means  of  comnuuiicating  at  a  distancie.  It  is  the  invention  of  that 
art  which  remaine<l  an  undeveloped  ^enn  until  1832,  shut  up  in  the  etymol- 
o<ry  of  the  wonl  telejo'aph.  It  is  the  art  of  writing  or  printin|j:  at  a 
distan4*e  in  one  or  more  places  at  the  same  time. 

^\^len  the  first  jmicticable  mode  for  demonstriiting  su(*h  a  n\sult  was 
«levise<l  in  1832,  it  was  the  birth  of  a  new  art.  It  was  emphatically  the 
ftrst  realization  of  a  telegraph. 

An  art  ]>n)iK>ses  a  result,  and  includes  the  means  and  pro<*esses  for 
pruclncing  that  residt. 

1.  Tlie  new  art  projwses  as  its  result  the  nuirking,  writing,  or  printing 
at  a  distance. 

Tlie  means  and  process  consist  ot^ — 

2.  A  system  of  signs,  to  wit,  a  conventional  code  or  ali>halM»t  adapted 
to  marking,  writing,  or  printing. 

3.  Of  clwkwork  machinerj-  to  regulate  the  movement  of  a  strip  of 
pai>er  or  other  material,  ui)on  which  the  signs  aiv  to  be  miU'ked,  written, 
or  printed. 

1.  Of  a  lever  l>earing  a  i>encil,  fountain  ]>en,  i)rinting  wheel,  stylus,  or 
other  marking  instmment,  for  marking,  writing,  or  printing  the  code  of 
rignn  npon  the  pai^er. 

5.  Of  the  application  of  an  electn)-magnet,  the  power  of  which  medi- 
slely  and  mechanically  actuates  the  marking  lever,  for  writing  or 
fmting. 
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0.  or  tin*  appli<?jition  of  n  salt  to  paper,  to  prepare  it  for  receiviiif: 
iiiarlis  hy  elect nM'lieiiiical  deroiniN)sitioii. 

7.  or  a  iiiaiiipulator  to  c^lose  and  open  an  electric  circuit  at  n^gfiilatecl 
limes,  (o  <'|iar;;e  aii<l  diseliar^e  tli(»  eleetro-iiiaf^net,  or  to  bring  into  action 
the  deeonipoKiny;  etl'e<'ts  of  elec'trieity.  Directly  connected  with  the  pro- 
ecHs  of  writing  or  printing  the  si^ns  of  the  code,  the  sounds  of  the  lever 
in  writing  or  printing  the  letters  \v(»re  found  to  addi'ess  the  ear,  adding 
a  seniaphorie  result,  inhenMit  in  the  peculiar  ccnle  of  signs  devised  for 
wilting  and  printing. 

Thns  niu'eh  is  new  and  ]»ecnliar  to  the  Morse  system.  It  comprises 
part  of  tlie  means  for  operating  the  new  ari,  and  is  prec<*dent  to  the 
modes  of  application  of  tlu»  powiT,  ((»l(»ctricity,)  the  eftective  agent  for 
actMimplisliing  the  residt. 

The  art  thus  invented  (^nploys  as  its  most  effective  agent  dynamic 
eleelrieity,  gem»rated  in  some  of  the  well-known  methods  of  genersiting 
elect  lii'ity. 

Tin*  application  of  this  ])t»wer  is  etfected  by  a  combination  with  the 
prc(*eding  means: 

1.  Of  a  main  lint*  or  ciivuit  of  electric. conductor's,  connected  with  the 
pt»les  o\'  a  galxanie  battt^ry  or  other  g(Mu»rator  of  electricity,  and  having 
the  heliet»s  of  tlu»  ehn'tro magnet  as  part  «)f  the  ciix'uit. 

*J.  The  armature  o\'  this  magnet  allixtMl  to  a  lever  is  operated  by  the 
electro  magnet  and  an  at^iustable  ivaeting  spring,  when  the  magnet  is 
elun  lictl  and  disehargeil  by  ch»sing  and  opening  the  ciix*uit. 

X  The  le\tT  bearing  a  pen,  or  other  marking  instniment.  is  nmde  to 
mark  j^as  well  as  to  s«auuh  the  signs^of  tin*  code,  or  by  the  chising  and 
openuig  o(  a  seeon«i  einuiu  having  wiihin  it  a  battery  and  electro- magnet, 
armatui>\  and  pt^i  lexer:  (In*  p.Milever  is  made  Xw  mark  the  signs  upon 
the  paper,  t»r  to  si»n!id  them  ai  an\  desiivd  distance,  thus  protlucing  the 
Ibial  nvsnll.     This,  in  briel',  is  ihe  Moi*s«»  system. 

An  uisinuuent  endHnhing  tlies»»  ess<«ntial  |Hm ions  of  the  invention 
was  tHMisM acted  and  sivn  in  oiHM^ition  b\  many  \vituessi\s  in  the  autumn 
of  !."<*;».  demouMratinji  the  pnieUeabiUtx  of  (he  an, 

ruK  ur.i  VY. 

The  ivla>  oi  Mt^Mul.nx  eu>nu  was  dt  \  imhI  lo  obviate  a  for\\<hadowiMl 
dtt^ieuUx  in  ihe  i^^vMble,  not  to  v*>  ptx»bable,  weakening  of  the  magiiotie 
|Ko\ev  ui  a  Ion;;  bne, 

rh»Nivhi>  .oi,aN  U  xx.i^ai  liiM  nanunl,  the  i>-.vi\inj;  uuipiot,  Uvause  it 
ixwwihI  UsunpuU^  r.xmi  the  diMani  M.nu»a  lo  Iv  inmsmiiunl  tti  the 
n^ojMcv  IN  Nuupl>  ^»n  tKvl!x»  m.»-nel,  whoA^  ^.ul>  uuvhaniral  du:v  is  to 
vlo^,  .r.ul  o|vu  auotlu:  .-.iv;i',:.     The  a^HViajunMuj;  Uj^utx*  expU^ius  its 

M  M  ^sihethvimn.U*^'^  ^^•'•^  -^^  ^^"-^^  **«  ^^»v.  lUo  twoexmmitH-s 
ol  ^huh  ;uv  .vuu^txxl  xuTh  :^o  '.«:un  b^te  .  uvnu  m  \,  i.  ^  ,,,^^^  ^^^^^. 
iwtius  l»H^  .vds  of  Iho  m;i*wt  ^vii^  .*t  ihe  nwm  om  u«,    NYhoiu  th,  ,-vf,«^ 
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■  outJo  drcuit  l»  chiiigi-d  fiwii  tbt-  distjmt  Walimi,  llip  i-ltrtro-iuagin't 
1  M  i*  rliatKBd  und  btHruuit-s  ii  iii]i);iii-t..  'J\)  iililizc  the  jiiiwev  Urns 
'.tuil.  »  tli>luiit(>  aprighl  lever  ut'  uii^tiLl  Im^t  ut  uim-  pud  a  RinHH-axis  b, 
a  lit  the  other  ctwl  it  useilhiles  lietweeii  the  i)oilit»  of  two  luijusling 
:i-«itr  ami  tl. 


Tlic  lt<-i:,i  Mugnrt. 

Ilnii.-.!  Sriiiiv  the  I'ui'o  of  the  iiiit^iict  |ioles,  the  h>ver  ha«  attached  t« 
;i  *i*ll  Iron  itniiJiUire,  which  is  attracted  Ut  the  puint  of  the  ailjiiitljiig 
•  ni-w  h  iit  ti,  when  the  uiaguet  in  charged,  nnd  brought  t»H:k  to  its  rest 
■v  Hu  iKljuf^tuhU'  spring  ff,  when  the  miigiiet  is  dlaeharged  against  the 
imoilaU'd  i>oiDt  c  of  the  other  attjnstable  Bcrew.  The  circuit  called  the 
iDeal  t-imnit,  iH^niieioled  by  a  local  battery  with  the  magnet  of  the  regis 
htr,  i«  poiiiM-*!ted  l>v  lt«  esti-emilies  with  tlio  relay  at  the  binding  screws 

The  opt-nition  oftho  relay  is  ft«  follows:  The  binding  screw  i',  holding 

one  tatif-ndty  of  the  local  circuit,  is  conncclwl  with  the  metal  of  the 

Ipver,  which  ostrillutes  lielween  the  points  d  and  c,  while  the  other  bind 

iigwrrvw,  holding  the  other  cxtn-mity  nf  the  local  circuit,  is  connected 

vlUi  til)*  lueiulHc  rn«ii>e  k.    WhUe  the  lever  rests  against  the  insnlal<.^tl 

pttint  r.  titr  lu<'al  ciretiit  i^open,  for  the  insulation  preveiit«  metallic  con- 

Inct;  but  when  the  relay  unigiiel  is  charged,  it  attracts  the  aiinatnre  a, 

thtw  raiwiug  the  Iwer  to  make  nietidlic  contiict  at  (/,  and  so  chining  the 

I-  long  aH  tile  magnet  is  charged;  when  it  is  discharged,  the 

■lings  hack  the  lever  agaiiuit  the  insulated  jwint  c,  and  opens 

,  .:  ^itrf. 

TIIi:   MOUSE  SYSTEM  IjmiODCrKD   I?J   Bt-EOI'E. 

In  llie  tpriiig  of  1S;JS  (his  telegraph  was  iutro<inecd  to  the  Karopean 

-'■•  'hniojih  lite  tVnch  Academy  of  Sciences,  under  the  anspiees  of 

-iiished  Arago,  and  in  the  antuninof  that  year  it  was  breveted 

...    :..  ihe  inveiitum  irliich  has  nx-eivwl  rlie  free,  nnsolieited  sntfragiwo^ 
i,e  hitcnuttioDHl  Tvlegnipb  Convention.     It  h;i.s  features  of  i 
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ality  which  distingnish  it  from  all  other  systems  of  communieiitiug  intel- 
ligence at  a  distance,  and  its  universality  is  undoubtedly  mainly  due  to 
the  result  which  it  proposes  and  accomplishes,  (to  wit,  a  written  or 
printed  record,)  and  also  to  the  simplicity  of  the  mecha.nism  by  which 
that  result  is  obtained. 

Adopted  in  countries  renowned  for  consummate  skill  in  the  manufac- 
ture of  philosophical  instruments  and  delicate  instmments  of  precision, 
it  is  natural  to  expect  that  the  telegraphic  instruments  constructcHl  by 
the  accomplished  mechanicians  of  these  eountries,  while  preserving  the 
essential  principles  of  the  original  telegraph,  would  take  many  forms  and 
display  a  great  variety  of  mechanical  adaptations  to  produce  the  result 
most  effectively. 

It  ought  to  be  here  mentioned],  however,  to  the  credit  <rf  the  mechani- 
cians of  the  United  States,  to  whom  was  intrusted  the  manufacture  of 
the  tirst  Morse  telegraphic  instruments  in  use  on  the  American  lines, 
that  most  of  the  instmments,  not  only  in  form,  but  in  point  of  efficiency, 
compactness,  and  finish  of  workmanship,  in  accaracy  oi  ineehanical 
adaptation  and  durability,  were  not  inferior  to  most  of  those  now  manu- 
factured and  used  in  Europe.  Many  of  the  modifications  in  form,  and 
the  varied  distribution  of  parts  of  the  nu'chanism  in  the  American  instm- 
ments, tiike  precedence  in  time  of  the  European  instruments.  But  the 
beauty  and  accuracy  of  mec*hanical  finish  in  the  great  majority  of  the 
instnnnents,  it  is  conctMled,  are  for  the  most  part  in  favor  of  the  Euro- 
I»ean  mechanicians.  Es]>ecially  is  this  the  case  in  the  ingenious  instru- 
ments used  for  imprinting  the  common  or  Koman  letter,  first  attempted 
by  Vail  as  early  as  18;>7;  afterwards  effectively  accomplished  by  House, 
but  subse<iuently  the  instruments  tor  which  were  so  admirably  i>erfected 
by  IInglM»s,  and  are  sent  forth  from  the  ateliers  of  Digney  freres,  Fro- 
ment,  and  others,  in  France,  and  Siemens  &  Ilalske  in  Germany. 


LT  1  »' 


SIEMENS  AND  IIALSKE  S  MODIFICATION  OF  TUE  MORSE  APPARATUS, 

An  example  is  given  here  of  one  of  the  nuMlifications  of  the  Morse 
apparatus  by  those  distinguished  savans  and  mechanicians,  Messrs. 
Siemens  &  Ilalske,  of  lU»rlin. 

The  magneta,  two  in  numlxT,  m  wi',  straight,  but  not  united  as  in  the 
onlinary  liorsi»sho<»  magnet,  are  pla<KHl  horiz(mtally  instead  of  v(»rtieally, 
as  in  the  original  instruments.  Th(»  poles  r  of  the  magnet  m'  have  eaeh 
a  facing,  outsi«le  the  coil,  of  soft  iron.  The  <*()re  of  the  other  magnet  m 
has  a  (*ontiniuition  fr<mi  each  iM)le  of  soft  iron,  acting  as  an  armature,  to 
Ik*  attracted  by  the  facings  of  soft  iron  of  the  magnet  m\ 

A  frann*  p  py  fn>in  the  ceijter  of  which  is  the  printing  lever  with  its 
emimssing  point,  is  attached  to  the  armatun'.  The  ends  of  th(»  coils  of 
the  magnets  a  and  h  are  carried  to  the  terminals  A  and  13. 

Hy  this  arrangement  of  nmgnets  the  attraction  of  opposite  i>olaritiea 
is  efficaciously  utilizeil.  In  all  other  resi)ects  the  apparatus  is  not  mate- 
rially different  from  the  originid  ^lorse.    Notwithstanding  the  theoretic 


»Iv«ntii^  of  tbU  nKHtilicatinii.  an  exjH'riciii-ti  nf  solium  time  od  tbv  (tcr 
noil.  Dunifih.  an4l  liai^smi)  lint's  lias  UhI  lu  ittt  t:i'ntnil  alKtntlDonit-iit  fnr 
xhn'  nadifl<-atit>tiaf  or  for  Uir  nrij^inal  Mot'iw  [utli^m. 
FlR.  8. 


I 

I^^Vq    ixitiTlcil   lK»tUe    It    B 

niDUunoif;  diu  ink  is  DnoiI, 

wild    »    Mt    Btn{iiM>r,  iibnvf^ 

■       -iii'Iimj:    tlie    ]ifiittiii}r 

liiHllnthArraHiK-rtM 


lUtthiT  ntiMlirkiiliun  nf  lli«  MtH-m;  b.v  Mi^t^srs,  Sieiupiiii  &  Hiilsl 
^ig.  ii.    It  iwiisixts  iu  u  luoalf  of  sujiiilyiii^  tfac  ink  lu 


BAlTBOlOi  AWD  DHiNEY  FEtlHEB'  MODIPICATION. 

TIlis  iiig(<4iiuus  uiudiHitutkt)!  is  tlio  invunlion  of  Mprsii*.  R.tnd'imn  and 
DiEucy  frert's,  of  Paris,  and  is  a  real  iiinmivciMcnt.     Tt   coiisUts  in 
britigiiig  tlit'  pjiptT  to  tlie  iiikiii)^  wheel,  iit»toiitI  of  tlie  wlu-ol   lo  tltP_ 
paper.    The  lest  of  the  apjiarutna  in  In  nil  i>KSL-iitiitl  iii^iicitts  Ilm  Morm 
appiinitUD. 

t'i«-  4- 


(II 


BttitdDIiiD  Bod  VUgDty  F^rra'  lukluf;  niiiiaiotuii. 

M  ii  the  t'lectro-uiagn'ft.     A  is  tlie  annatiire  uiroii  thi'  k'ver  L  L,  hingi 
at  1.    The  improvfinent  imnsists  in  a  pnilniiging  of  the  h-ver  byatt 
ing  til  till-  writinp  Gxtreniity  of  it  a  thin  metal  slip  Iv  K,  lifiil  fdighUd 
lipwanl  tunard  the  xmati  printing  wliet'l  T>.    T  Eit  a  fdt  ink  luller,  kepj 
moisK'ni'd  with  ink,  ngninnt  wUidi  tli*  i)nnMii(<:  wlii-cl  I)  turns  t*i  recoiT^ 
tlie  ink  on  it«  edge.    Thp  pajM-r  from  tlu-  piqwr  wliw!  I*  pawwa  throa| 
a  ^iiide  G  down  uni]  around  a  pulley  y^Uv}  U,  and  is  drumi  bjf  t 
rulk'ra  K  K'  near  bat  not  ttrnvhing  thu  printjiig  whtn-l  1),     So  long  n 
tht.-  niaf^ut  is  not  chiiri^-d  the  paper  panwK  benejitli  tlie  priiitiiig  vlmt 
irilliiiat  a  mark,  bat  m)  hooii  an  the  lua^iet  in  eliurgcd  tlie  Hli]i, 
i»  U-rmeil  in  Frcneh,  the  "lonlfaii,'"  rist'it,  and  the  eilK<'  "f  the  eoiit<.-ad 
raiseK  the  |irt|it>r  Bj^ainKl  the  inking  whifl,  and  a  mark  lungi'r  or  itLort^M 
a*  the  toaKiiet  rontinaeH  ehnrged,  is  made  upon  tlie  pKjier.     This  inwU 
of  briUBiUK  the  pu|»^r  tJi  thv  wheel  reiiaireH  mi  inueh  Irsn  jMiwer  tliad 
briu;dtie  the  whw!  to  tht*  paper,  fbiit  for  vt-rj  ennaidi-ralik*  dititani:ei 


r  rIu)'  t>Mi!»«ary  to  fuiiiisli  i;r('tit<-r  iKint^r  in  uixlcir  to  finbonH  tlic 

r  can  be  dUpetuwd  with.    Tliis.  wt-  liava  wiid,  ia  a  real  ttD|>i'OTeiuetit, 

il  iu  siniplirity  has  givt^u  it »  wide  i>upiilimty.    it  is  thv  sinijil^t  of 

i-s  i>r  rerordiiig.     It  is  tliia  iustiunient  tliat  f^oes  l).v  tlir  nnpw 

t  tlir  "ink  writer." 

I  Still  aimllter  in»wltIiaition  hy  Mpssik.  Siemens  &  ITal^ld'  is  swn  in 


n  of  tllo  Iiik-fl 


iTbr    |>ortiiturity   nf  lliis 

oiU0c3itinn  is  iu  tlit-  iiiiiii- 

riif  8ii)i|il,viDg  ink  tu  tin- 

inting  wliEH>l  liy  II  I'l-scr 

irofiuk  An,  in  which  ttii- 

mtiag  wheel  c  tevolvej^, 

UTsed  in  the  lliiiil.: 

t  in  tbiH  case  till)  whuci 

b  bnnt^lii  up  tn  the  [uipor. 

P'Tbn  ptaerviiir  in  hiu^t'd 

\  n,  MUil  i»  nuHed  or  ile 

1  by  the  screw  h  to 

lat«  the  Huw  uf  Ink  tu 

i>  wheel. 

|Uf  all   tlicjtc  modift  of 

k-vriting  that  of  Messrs.    *""""" *  "^•lsk..'B imnliti 

lin  aiid  l)l(riiey  Iri-res  in  the  xiinplest  and  iHvst. 

f  l>ld   it   mil  lead  loo  far  away  from  the  t<i»wii»l  duty  with  whieh  the 

riU*  In  rlinrswi,  it  would  \k  a  nnt»t  agit-euhle  wi-upation  to  notice  in 

I  iRHny  t>f  the  Iiij^fnion.s,  if  not  Always  prai-ticul,  tnutlifteationH  of 

e  teletn^|ih  appunitiis  by  the  Guriuiin,  French,  and  f^ai;Uahsavaiiti  and 

leluuiieiHOH,  sQoh  tu  the  mode  uf  Hundinj;  ilispat^^heH  both  wuyn  at  the 

f  time  o%'er  the  saine  wire,  Mud  to  l>e  ori^itially  devised  by  the  Aus. 

I  wviint.  Ur.  UiuU;  and   also  the  tuMliHaitiims  of  the  Banio,  hy 

.  rriM'heit  and  SiemeiiH  &  llalske;  also  the  method  de\is^-d  hy 

,  of  Viejuia,  nf  transiuitting  two  meRAuges  along  a  single  liuf  in 

le  direetiui),  together  witli  the  niudifieatlons  of  this  deviee  by 

f  UoMM^lii.  Miinm,   Kdland,  and  others;  also  of  ^\'lieatstones 

tt  priutitig  up|N>nitus,  itiid  of  Stiilirer's  doable  style  apparatus- 

El  oinst  be  referred  to  the  able  woi-ks  of  many  authors  of 

^  treattHen,  eiqieeialy   to  Sabine's  "Ilistorj-  of  the  Tclepraph.'' 

torier'R  "XoHCeau   Tratti  rf«   TiUifraphk  ^ItcfrtqurJ^     To  M. 

fcftmrtpsy  the  writer  19  indebted  for  leave  to  nsr  muny  of  his 

larioKH  of  iipiumttuM  which  are  inlrodueed  into  this  ri'purt. 

ATBTniAN   Mn.rrABT  TKLl;OKAPn. 
liiDK  other  apparutUN  is  the  militoiy  telegraph  apparatus  of  Aostrla, 
bibitcdby  the  Imperial  Itoyal  Direction  of  Telegraphs  io  \1vuua. 

I  Bt!ni>dFk  says,  aoeordiug  to  tlte  t'liria  Tiines  of  Septeniher  li 
St 
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1866,  that  a  nation  before  entering  npon  a  war  shonld  provide  itself  * 
with  three  great  elements,  and  "  the  Baron  classes  them  in  the  order  of 
their  ntiliy.     First,  a  good  commander;  second,  iron  roads,  (railroads;) 
third,  the  electric  telegraph.^ 

The  whole  Austrian  group,  under  the  superintendence  of  the  Baron 
d'  Ebner,  colonel  of  engineers,  is  remarkable  for  the  completeness  and 
beautiful  workmanship,  as  well  as  scientific  skill,  of  the  various  appa- 
ratus pertaining  to  electricity  and  its  various  nses  in  modern  warfare, 
These  uses,  except  so  far  as  they  include  telegrapTiic  service,  are  irrele- 
vant to  the  present  rei)ort,  although  to  the  military  student  in  the  high- 
est degree  instructive  and  interesting.  Through  the  conrtesy  of  the 
Baron  all  were  explained,  and  a  pamphlet  given  entitled  "  Notice  sur  les 
ohjetH  formant  Vexposition  collective  du  ministire  de  la  guerre  I.  JR. 
d^Autriche  (\  V Exposition  Universelle  de  ParisP. 

The  Morse  apparatus,  compactly  and  beautifully  made  by  J.  Leopolder, 
of  Vienna,  is  the  principal  telegraphic  instrument  used  in  the  military 
telegraph.  The  Austrian  pamphlet  does  not,  however,  give  the  details 
of  the  mode  of  constructing  and  regulating  the  military  telegraph. 
These  have  been  obtained  from  a  very  excellent  and  lucid  pamphlet  of 
about  one  hundred  pages  by  E.  Costa  de  Serda,  capitaine  d^etat  major^ 
])ublished  in  Paris. 

A  sliort  extract  from  the  introduction  of  this  pamphlet  supplies  some 
of  the  desired  details.  The  wliole  pamphlet  is  worthy  of  careful  study. 
Under  the  head  of  different  si)ecies  of  Ciimpaign  telegi^aphs,  Capitaine 
de  Sertla  says: 

*'Two  s[>ecies  of  telegniphic  appanitus  are  most  usually  employed  in 
a  cam[mign : 

'*!.  The  Morse  appanitus,  modified  by  Digney,*  comprising — 

"  a.  Wagons,  witli  the  materiel  necessary-  to  the  construction  of  a  line 
of  over  six  mih»s  Englislv 

"  />.  Two  wagon  stations. 

'*1I.  EkH»tn>-umgnetic  dial  apparatus,  comprising  the  wagons  with 
the  ne<*essary  materiel  for  the  construction  of  a  line  about  six  miles 
English,  and  the  two  telegraph  apparatus." 

Under  the  head  of  Proprieties  particuli^res  et  emploi  de  ces  deujt  sortes  du 
telegrapher  he  continues:  ''The  Morse  api^iratus  and  its  numerous  modi- 
fications art*  found  in  usi»  on  the  greatest  numl>er  of  i>ermanent  lines. 
This  consitleratiun,  joiuwl  to  the  facility  with  which  they  can  he  con- 
nect<Ml  with  the  existing  Hues,  has  caused  this  appanitus  to  be  adopt^l 
for  the  camimign  teh^igniph.  The  Digney  apimnitus,  in  i>jirticular,  has 
the  advantagt*  of  pnHlucing  the  signs  printtnl  in  ink  uiH>n  a  bjind  of 
pai>er,  and  that  which  is  of  gnniter  inqiortanw  it  can  Ih?  oiieratetl  with 
out  the  relay,  but  it  nnpiires  exi>erienced  oiH^rators. 

"The  magneto-elect rio  apiwnitua,  on   the  tH>ntmry,  is  much  more 

» The  modification  here  upokeii  of  i»  DiKney*^  mode  of  iui»K  tho  oiigiua]  imkimf^  «r*frl, 
elsewhere  expUlued  in  Ihie  report. 
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ample.  It  is  transported  upoa  the  wagons  at  the  same  time  with  the 
materiel,  and  can  be  operated  by  less  able  telegraphists,  but  it  has  the 
inconvenience  of  leaWng  no  written  record  of  the  disi>atch. 

•*At  all  times  it  is  essential  for  military  purposes  to  have  both  these 
kinds  of  apparatus." 

XoTE  BY  Mr.  de  Serb  a. — "These  two  kinds  of  telegrai>h  apparatus 
are  not  the  only  ones  which  can  be  advantageously  used  in  a  campaign. 
Many  models  have  been  i)ro[)osed  or  employed,  and  one  is  embarrassed 
to  make  a  choice  of  *them.  The  essential  condition  is,  that  they  be 
strongly  ma<le,  and  easily  transportable.  Of  the  number  of  apparatus 
fulfilling  these  conditions,  we  cite  the  Mortte  apparatus^  which  is  opera- 
ted by  the  Daniel  batter}^,  (it  is  in  use  in  man^'  of  the  German  armies,) 
and  the  military-  telegraph  of  M.  Hipp,  described  in  the  Telegraphic 
Annals,  (first  y,ear.)  As  to  the  two  apparatus  which  we  use,  in  acconl- 
anee  with  our  instructions,  they  have  already  been  prove<l.  Tlie  tele- 
graph Digney  [Morse]  was  operated  in  the  Italian  campaign  in  1859. 
The  tlial  electro-magnetic  telegraph  [semaphore]  of  Siemens  is  used  upon 
the  establisheil  lines  of  Bavaria,  and  has  been  adopted  as  the  campaign 
apparatus  of  the  Hanoverian  army. 

**The  more  immediate  puri)ose  of  these  telegraphic  systems  is  their 
employment  in  the  defense  of  coasts,  of  rivers,  of  mountain  passes,  to 
put  an  army  in  communication  with  its  base  of  operations.'' 

For  more  minute  details  of  all  that  pertains  to  the  construction  and 
organization  of  the  military  telegraph,  reference  must  be  had  to  the 
pamphlet  of  M.  Senla,  transmitted  with  this  report,  which  will  amply 
repay  the  attention  bestowed  in  its  i>erusal. 

From  the  statement  in  the  pamphlet  of  the  Austrian  ministry  of  war, 
that  **the  application  of  the  electric  telegraph  to  military  operations 
dates  fix)m  the  year  1854,''  it  seems  not  to  be  known  that  the  proi)osiil 
for  such  an  application  was  made  to  the  French  minister  of  war  as  early 
as  the  winter  of  1838-'39.  The  circumstances  are  these:  Morse,  in  Sep- 
temlier,  1838,  exhibitetl  his  telegraphic  invention  to  the  French  Academy 
of  ^^ciences.  The  French  minister  of  war,  at  that  i>eriod,  was  General 
Bemanl,  a  i>ersonal  acquaintance  and  friend  of  the  writer  while  the  gen- 
eral was  in  the  service  of  the  United  States,  and  on  my  visit  to  Paris, 
with  my  invention,  he  showed  me  many  attentions.  Atter  dinner  at  the 
minister's  one  day, while  some  of  the  gue^^ts  were  amusing  themst^lves  in 
the  billiard  saloon,  the  writer  was  engaginl  in  describing  the  nature  of  his 
invention  to  the  general,  and  incidentjdly  the  manner  (ahnost  identical 
with  the  present  plans  in  use)  in  which  the  invention  coul<l  be  ustnl  in 
military'  ojierations,  stating  his  belief  that  the  army  which  first  made  use 
of  the  telegraph  in  it«  oiKjrations  must  inevitably  be  the  victor.  The 
genend  listened  with  the  deeiwst  attention,  an<l  re<iuesting  reticence  on 
the  aubject,  said,  ^^I  will  send  an  officer  to  you  for  fiu*ther  explanation.*" 
Acoordingly,  in  a  day  or  two  afterwards,  an  officer — a  marshal,  an 
aged  man— called  to  see  the  apparatus,  to  whom  1  imparted  the  plan. 
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The  marshal  was  skeptical,  opposing  objections  at  every  step,  the  prin- 
cipal one,  however,  being  the  fact  that  the  telegraph  wagon  proposed, 
with  the  necessary  apparatus,  would  add  greatly  to  the  materiel  of  the 
army,  and  so  to  its  incumbrance.  iNo  reasoning  that  any  such  disad- 
vantage would  be  more  than  counterbalanced  by  the  obvious  advan- 
tages availed  to  gain  his  favor  to  the  project.  He  could  not  be  moved 
from  his  position.  He  left  me  fully  persuaded  that  it  was  a  chimeri- 
cal plan,  and  probably  reported  against  it,  for  it  was  not  again  the  sub- 
ject of  conversation  with  the  minister.  It  should  be  borne  in  mind,  as 
an  apology  for  this  feeling  of  the  old  marshal,  that  at  that  time  the  tele- 
graph had  nowhere  been  practically  established,  and  that  serious  doubts 
were  entertained,  even  in  high  scientific  quarters,  whether  the  telegraph 
could  ever  be  made  a  practicable,  or,  at  least,  a  practical  enterprise.  The 
skei)ticism  of  the  marshal,  therefore,  had  a  x>lausible  ba^is.  It  was  not 
till  tlie  telegraphic  lines  had  been  extended  on  the  continent,  and  suc- 
cessfully tested,  that  the  ingenuity  of  the  skillful  \vm  turned  to  the 
ob\ious  advantage  to  be  derived  from  a  military  telegraph.  Modern 
warfare  has  been  nmterially  modified  by  its  means.  The  Crimean  cam- 
paign, the  campaign  in  Italy,  the  civil  war  in  America,  and  tlie  later 
ciunpaign  in  Austi'ia,  have  all  demonstrated  that  the  telegraph  is  a 
l>otent  engine,  and  has  become  an  indispensable  agent  in  military'  opera- 
tions. 

PRINTING  TELEGRAPHS. 

HUGIIES'S  PRINTING  TELEGRAPH. 

It  was  the  original  intention  to  give  full  descriptions  of  the  telegraphic 
apparatus  displayed  in  the  Exposition,  and  in  pursuance  of  this  inten- 
tion much  labor  and  time  were  expended  in  examining  and  describing 
many  of  the  instrument's — ^labor  and  time  which  might  have  been  spared 
had  the  fact  hejiu  earlier  recognized  that  most  of  the  apparatus  had  been 
exhibited  in  previous  international  exhibitions,  and  had  been  fully  and 
mu<*h  better  described  in  the  Juror's  Reports  of  these  exhibitions  by  learned 
and  comiwtent  savans.  The  labors  of  this  report,  therefore,  are  reduced 
mainly  to  noticing  those  which  appear  to  possess  some  novelty ;  to  giv- 
ing references  to  descriptions  in  former  reports  and  in  other  publishe<l 
works  of  the  most  im[)ortant  apparatus,  and  to  examining  and  discuss- 
ing any  professed  improvements. 

A  modification  of  the  telegraph,  by  D.  E.  Hughes,  from  the  ateliers 
of  E.  Hardy,  of  P.  Dumoulin  Froment,  and  Digney  fr^res,  Paris,  Nos. 
4,  10,  and  13,  of  the  catalogue,  will  now  be  noticed. 

Among  the  many  modifications  of  the  telegraph  displayed  in  the 
Exposition,  the  adapting  of  it  to  the  imprinting  of  the  ordinary  alpha- 
betic characters  is  one  that  early  engaged  the  attention  of  the  inge- 
nious. None,  however,  have  so  just  a  title  to  i>re-eminence  as  the 
ingenious  printing  instrument  of  Mr.  D.  £•  Hughes.  After  the  opera- 
tion of  the  first  instmment  of  Mcurse,  in  1835,  demonstrating  the  prac- 
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tieability  of  reconliog  intelligence  at  a  distance,  tlie  anccess  of  the 
oiginal  instrnmeut,  in  producing  this  new  result,  naturally  suggested 
die  id«a  that  the  ordinary  letters  of  the  alphabet  might  be  also  recorded 
or  impriotetl  as  saccessAilly  as  the  Morse  code  of  signs,  and  hence 
originated  the  earliest  device  of  Alfred  Vail,  esq.,  for  printing  the  Roman 
letters.  Mr.  Vail,  in  1837,  was  associated  with  Morse,  and  sifter  study- 
ing the  oi>eratioa  of  this  first  Morse  instrument,  proiiosed  and  draughted 
his'plan  of  a  printing  jnatrument,  a  description  of  which  he  haa  given 
in  foU,  with  diagrams,  in  his  work  entitled  the  "American  Electro- Mag- 
netic Telegraph,"  published  in  18^.  The  complicated  raachinerj"  neces- 
sary to  prodnoe  the  result,  which  seemed  more  curious  than  nsefid,  and 
its  slowness  of  operation,  (compared  with  the  Morse  instrument,  were 
obstacles  to  its  practical  application.  It  was  never  practically  tested. 
The  result,  however,  which  was  proposed,  to  wit,  the  actual  printing  of 
the  Boman  letter,  possessed  a  fascination  which  took  strong  possession 
of  the  miuds  of  ingenious  men,  and  one  of  them,  R.  E.  House,  esq., 
devoted  his  genius  and  rare  mechanical  skill  to  the  construction  of  an 
instminent  of  great  beaaty  and  effectiveness,  which,  to  a  limited  exteut, 
is  still  in  operation. 

Fig.  6. 


Key-bonnl  of  tho  Hughes  niiparatiu. 


The  Dngfaes  apparatus  is  of  too  much  importance  to  pa.ss  uudescribed, 
or  to  be  dismissed  witli  merely  a  reference  to  a  description  in  books. 
Xo(  being  able  to  obtain  from  the  accomplished  inventor  (owing  to  his 
e  in  the  Sast)  a  descriptioD  fh>m  his  own  pen,  which  would  have 
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been  preferred,  the  writer  of  this  report  avails  himself  of  the  lucid 
description  and  illustrations  of  Robert  Sabine,  esq.,  who  has  courte- 
ously permitted  duplicate  illustrations  to  be  made  for  this  report  from 
his  valuable  work,  "  The  Electric  Telegraph,''  published  in  London  by 
Virtue  Brothers,  in  1867  : 

"The  essential  principle  of  this  highly  ingenious  system  is  the  syn- 
chronous movements  of  the  type- wheels  at  two  or  more  stations,  and  of 
the  power  to  press  a  strip  of  paper  at  each  of  the  stations  simultane- 
ously against  the  types  on  the  corresponding  parts  of  the  wheels,  by  the 
action  of  a  single  electric  wave  or  impulse. 

"  A  clockwork  at  each  station  tiuns,  with  a  continuous  and  uniform 
motion,  an  axle,  at  the  extremity  of  wliich  the  type- wheel  is  supported. 
The  synchronism  is  attained  by  the  aid  of  a  vibrating  spring  and  anchor 
escapement.  The  rotation  of  the  type- wheel  is  transmitted  to  a  veitical 
arbor,  furnished  at  its  lower  extremity  with  a  horizontal  arm  traveling 
over  a  circular  disk,  in  which  is  arranged  a  series  of  contact  pins,  in 
number  corresponding  to  the  types.  Each  pin,  therefore,  represents  a 
letter,  and  is  raised  when  it  is  wished  to  telegraph  this  letter  along  the 
line.  The  horizontal  ann,  which  travels  around  the  disk  with  a  motion 
uniform  with  that  of  the  type-wheel,  comes  in  contact  with  the  pin.  just 
at  the  moment  when  the  corresponding  type  is  at  the  lowest  point  and 
closes  an  electric  circuit,  by  which  the  paper  is  lifted  up  against  the  type- 
wheel  and  the  letter  printed. 

"The  key-board  ustnl  to  elevate  the  contact  pins  is  shown  in  Fig.  6.  It 
consists  of  twenty-eight  keys,  alternately  white  and  black,  marked  with 
the  twenty-six  letters  of  the  alpliJibet,  a  full  stop,  and  a  blank,  corre. 
sponding  to  an  empty  space  on  the  t>i>e- wheel.  Below  eiich  of  the  keys 
is  a  movable  lever  whose  fulcnim  is  at  K",  and  which  terminates  at  the 
bottom  of  one  of  the  cont^ict  pins  K  K,  arranged  in  a  circle  in  the  metal 
box  A,  in  the  top  and  bottom  of  which  are  holes  for  the  ends  to  pro- 
trudo — the  upper  holes  being  long  to  allow  of  a  radial  motion.  Each 
pin  is  held  down  by  the  pressure  of  a  small  spring,  but  may  be  elevated 
by  pressing  down  the  corresponding  key  of  the  piano  board. 

"Fig.  9  gives  a  vertical  section  of  the  printing  instrument  and  key- 
boanl.  Tlie  section  shows  a  white  key  hinged  at  K",  connected  to  its 
lever  K',  a  contact  pin  A:,  on  the  right,  and  also  to  a  black  key,  whose 
lever  reaches  to  a  contact  pin  on  the  left  of  the  box  A.  The  contact 
pins  are  provided  with  shoulders  to  limit  their  movements  in  eiich  direc- 
tion. 

"  The  horizontal  ann,  which  travels  over  the  circle  of  contact  points, 
is  attac»hed  to  the  bottom  of  the  vertical  arbor  Q,  to  which  motion  is 
imparted  by  the  beveleil  wheel  G  on  the  shaft  G,.  It  is  made  up  of 
three  principal  parts :  the  arm  r,  jointed  at  a;  the  resting  piece,  or  earth 
contact,  r';  and  the  shovel  r".  The  vertical  shaft  of  Q  is  of  brass,  and 
is  divided  electrically  into  two  parts  by  an  insulating  ring  of  ivory  q- 
The  lower  part  is  supported  by  the  central  pedestal,  which  is  insulated 
from  the  box  A  by  a  non-conducting  ring. 
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"  The  eontinofttion  of  the  jointed  arm  r,  vliicli  ii*  held  by  the  iKtrtiOD 
uf  the  abaft  above  the  maiilattn^  riug  q,  is  pressed  down  by  a  spring, 
vtaieh  keeps  a  small  screw  in  the  middle  of  the  continuatiuo  in  metallic 
nmtact  vith  fiecond  piece  r',  supported  by  the  portion  of  the  shaft  below 
the  ring.    The  shovel  r"  ia  of  steel. 


•'  When  a  key  is  depressed  the  corresponding  contact  pin  is  elevated, 
and  if  the  arbor  Q  is  in  motion,  the  extremity  of  the  anu  r  mounts  upon 
the  elevated  pin,  by  which  contact  between  r  and  r*  is  interrupted  and 
that  of  r  with  le  established.  The  arm  r  having  made  contact  with  the 
sborel  r",  which  immediately  follows  it,  pushes  the  pin  it  in  its  slot  ont- 
Mde  the  circomference  swept  over  by  r;  so  that  if  the  latter  made 
•aother  revolution  while  the  finger  ia  kept  down  on  Che  key,  no  second 
(  is  made,  and  the  same  letter  is  not  repeated.    The  operator  fi 
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a  vibration  of  the  key  as  the  shovel  passes  by  the  piu,  aud  is  thus  made 
aware  that  the  letter  has  been  printed. 

"The  type- wheel  H  contains  on  its  circumference,  in  twenty-eight 
equal  spaces,  twenty-six  letters  of  the  alphabet,  a  dot,  and  a  blank  space ; 
it  is  fixed  to  the  extremity  of  the  axis  C  C,  which  is  put  in  motion  by 
means  of  the  hollow  axis  G  enveloping  it  in  the  greater  part  of  its  length. 
The  connt^ction  between  C  C  and  G  is  made  by  the  mediation  of  a  fine 
ratchet-wheel  G5  attached  to  the  axis  G,  the  click  Wi  being  on  the  axin 
0  C.  On  the  latter  are  supported,  besides  the  type-wheel  and  the  click, 
a  corrector  H',  or  wheel  with  long  narrow  teeth,  equal  in  number  to 
the  t>T>es,  serving  to  establish  precision  between  the  movements  of  the 
horizontal  arm  r  and  the  type-wheel.  On  the  same  axis  is  a  wheel  Hi, 
having  a  notch  at  one  part  of  its  circumference  for  stopping  the  type- 
wheel  when  the  blank  space  is  opposite  the  printing  press,  in  case  it 
shoidd  spring  forward. 

"  The  hollow  axis  G  is  turned  by  clock-work  moved  by  a  weight,  a 
wheel  of  which  engages  with  the  pinion  Gi,  and  supports  besides  the 
ratchet  G5  and  beveled  wheel  G^,  already  mentioned,  the  escape  wheel 
G4,  and  a  tooth  wheel  G3,  which  locks  into  the  pinion  I',  Fig.  8,  of  the 
printing  shaft  I. 
"The  printing-shaft  turns  seven  times  as  fast  as  the  type- wheel, 
Fig.  8.  and  carries  a  fly-wheel  V  at  one  ex- 

tremity, in  order  to  overcome  the  inertia 
of  a  small  shaft,  whose  duty  is  to  lift  the 
pai)er  up  to  the  type- wheel  at  the  other 
extremity.  This  is  shown  partly  in  sec- 
tion in  Fig.  8.  The  printing-shaft  I,  and 
its  continuation  i,  are  locked  together  by 
means  of  a  ratchet-wheel  Ii  and  click  i'. 
"At  the  end  of  the  continuation  shaft 
i  is  a  cam  ^1,  for  lifting  the  press  and  the 
paper  against  the  tyi>e-wheel. 
"  The  printing  press  is  shown  in  Fig.  9.  Under- 
neath the  type-wheel  is  a  small  cylinder  a,  over 
which  the  paper  is  led,  its  axis  being  in  the  middle 
of  a  bent  lever  b,  turning  at  Wi ;  attached  to  it  is  a 
ratchet-wheel  in  the  teeth  of  which  catches  a  click 
affixed  to  a  movable  piece  fti,  terminating  in  the 
rectangular  arm  ^27  which  is  forced  upwaixi  by  a 
spring  attached  to  the  frame  of  the  apparatus,  but 
is  stopiKjd  against  the  axis  i.  AVlien  i  nmkes  one 
revolution,  the  cam  lifts  the  arm  h  of  the  lever? 
together  with  the  cylinder  a  and  paper  strip  up  to  the 
lowest  tooth  of  the  type- wheel,  by  which  the  pai)er 
strip  is  impressed  with  the  print  of  the  type,  kept  inked  by  an  inking- 
roller  M.    The  cam  being  very  sharp,  the  movements  of  ascent  and 
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It  are  tiroportinDnllv  mpiil,  ami  the  paper  Umclie-S  tlio  (yjto  ilaruiK 
ll.v  nil  iutiiiiifly  itbori  sjtiuc  ul'  liitic.  The  axis  ooiitiuuing  U)  turn,  the 
UB  nicwt*  (lio  un»  ((,  and  dopivsMeH  it,  causing  tlie  click  t<j  dmw  iDiind 
K  c>-|iD<l)-r  uiiti  iMlvtiiiOf  till'  piiiKT  a,  i^rtaiii  <li»UUK'«. 
**B]r  tilt.'  side  of  tliv  nitvlivt-wlieel  I',  the  priutiiiji:-M)iaft  uiriios  iiii 
ii-ai>einoiit  h  A',  um-iiti^^l  by  a  (MiutimuitJou  of  the  Ivvtn'  L  L',  tiioviiig 
:ith  llip  aniiainrc  of  tiie  eloctro-miigiii't.  Tbv  iirmatnru  is  of  soft  iron, 
BpporbHl  nt  lli«  extremity  of  a  it'ver  J>,  ovw  the  polwi  «f  the  i-lin 
■gBeti  Vig.  10.  The  Icrer  turns  bctireen  tmpport^fin  tlie  axis 
Fig.  10. 


aids  to  rim  by  tbo  force  of  anpriiig  regulated  by  the  wljimtin^-i^ 
"The  aCTftw  if.  Fig,  11,  on  tlie  end  of  the  lever  L  L',  tiiniing  nn  the 
bs  ^,  fdl«  over  llie  aniiatiiie:  tlif 
Sier  mid  nf  lUf  lever  eiignge-s  nilli 
De  of  tiu'  jHilk-ts  of  the  ei40ii)>i- 
tf.  anA  goveruH  the  tnntioii  of  tli 
ds  i.      Wh<>n  a  iiirrent  tmv 

of  tlie  elwtro-uiiifn'i't)  *he 
anil  lever  are  depresHed, 
kecUcl:  ispnl  inRVAr.Hiid  the  pullet 
of  the  escapement,  released,  turuH 

ilfa  tfaw  a«h  i.  At  tlie  moment  wlien  the  pallet  k'  paHsen  under  f 
rinn,  U  reliftifit,  Aurt  depresses  the  screw  d',  rctiinung  thereliy  the 
to  ilie  ftoleiN  of  the  elet^tro-magnel,  and  at  the  name  time 
tbr  clh*k  out  of  gMtr. 

int  U  is  of  novel  eutistnictioti.  It  consists  of  u  tK'rMiiiueiil 
maint^t,  with  soft  iron  cylindrical  continnations  on  the  poles, 
itinnntlnns  nre  earh  encircled  by  a  coil  of  wire.  When  no  enr- 
llirongli  the  eoils,  the  arinatnre  is  Attracted  In  the  |>oles  l>v 
\inm  di«lril»uled  In  the  iron.  This  fon-e  Is  opposed  by  the 
vpring,  which  U  no  regnl»l4-<l  that,  the  armnture  heitig  in  iiuii' 
•  Tfiy  wvttk  atn«nt  ia  ablf<  to  nentralize  the  attracliun. 
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"  The  printing-shaft  has  also  the  duty  of  correcting  the  movement  of 
the  tyi)e-wheel,  and  of  insuring  always  that,  at  the  moment  of  printing 
a  letter,  the  tyi>e  is  in  its  proper  position.  This  is  effected  by  means  of 
a  curved  cam  /i^  on  the  axis  i.  The  instant  the  cam  h'  lifts  the  arm  b  of 
the  frame  carrying  the  printing  roller,  the  projection  h2  locks  into  the 
teeth  of  the  wheel  H',  and  adjusts,  if  it  be  necessary,  its  position.  If, 
on  entering  the  teeth  of  H',  the  cam  has  to  push  the  wheel  forward,  or 
to  accielerate  the  motion  of  the  axis  C  C,  the  click  m  is  pushed  onward, 
passing  over  one  or  more  of  the  teeth  of  the  ratchet-wheel  O5.  If^  on 
the  contrary,  the  cam  has  to  retard  the  motion,  the  click  pulls  the 
ratchet-wlieel  backward,  for  which  purpose  the  latter  is  not  made  rigid 
on  the  axis,  but  is  formed  of  a  disk  held  between  leather  washers,  sup- 
ported by  two  plates  of  metal  fixed  on  the  hollow  shaft  G. 

"  The  electric  circuits  of  the  apparatus  are  very  simi)le.  The  bottom 
of  the  vertical  shaft  Q  is  connected  to  earth,  and  the  upper  part  to  one 
end  of  the  coils  of  the  electro-magnet,  the  other  end  being  to  line.  One 
pole  of  a  batterj'^  is  connected  to  the  levers  Jc  of  the  contact  pins ;  the 
other  pole  to  earth.  At  two  corresponding  stations  the  plates  of  the  » 
batteries  must  always  be  looking  the  same  way,  beciiuse  the  home  appa- 
ratus is  intended  always  to  work  as  well  as  that  of  the  distant  stations, 
and  the  armature  of  its  magnet  is  only  liberated  by  currents  in  one 
direction. 

''When  a  cuft*ent  arrives,  therefore,  from  the  line,  it  passes  first 
through  the  coil  B  of  the  magnet,  then  through  the  vertical  shaft  Q, 
which  it  descends  and  goes  over  from  the  8(Tew  in  the  jointed  arm  v  to 
the  resting-piece  r',  and  from  this  to  earth.  When  a  cun-ent  is  to  be 
transmitted,  the  operation  consists  principally  in  intt^rnipting  the  earth 
circuit,  and  inserting  the  battery  into  the  break.  This  is  done  by  the 
contact-pins  and  jointed  arm  of  r.  A  key  being  depresse<l,  the  arm  r, 
in  its  journey,  rides  over  the  pin,  and  its  screw  is  lifted  up  from  contact 
with  r',  which  breaks  the  direct  earth  circuit;  at  the  same  time  the  con- 
tact of  r'  with  the  pin  A-,  which  is  in  communication  with  a  pole  of  the 
battery  through  the  lever  K,  sends  a  current  from  the  battery  (K  A;  r  Q) 
through  the  coils  of  the  magnet  into  the  line,  &c. 

"  Suppose  two  such  apparatus,  proiierly  adjusted,  at  the  extremities 
of  a  line  of  telegi*aph,  the  clock-work  wound  up,  the  electrical  connections 
l>roi)erly  established,  and  the  tyi>e- wheels  lock^^j  the  employ^  who 
desin»s  to  transmit  presses  down  the  key  of  his  instrument;  this  pushes 
up  the  corresponding  contiict  peg  in  the  circle  K,  and  when  the  chariot 
anives  over  the  pin,  the  extremity  of  the  piece  r  rides  over  it,  separating 
the  earih  contact  and  intnKlucing  the  battery  into  the  line  circuit.  The 
cunvnt  passes  through  the  vertical  shaft,  the  coils  of  the  magnet,  and 
line  wire  to  the  other  stiition,  where  it  circulates  in  the  coils  of  the  mag- 
net, the  vertical  shaft,  &c.,  and  goes  to  earth. 

"  In  traversing  the  coils  of  the  magnets  of  both  instruments,  the  cur- 
rent weakens  the  attractions  of  the  armatures  to  the  poles  of  the  electro- 
magnets ;  the  former  are  forced  off  by  the  spring,  the  screws  d'  are 
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raised  and  the  levers  L  at  the  same  time  depressed.  The  pallets  h  of 
the  eflcapementa  h  h'  are  thereupon  released,  the  axis  i  put  into  gear 
with  I,  and  the  tyxHJ-wheels  released.  During  the  revolution  made  by 
the  axis  t,  the  cylinders  a  are  raised  by  the  cams,  and  lift  the  paper  up 
to  the  printing- wheels  at  the  moment  when  the  latter  are  unlocked.  No 
letter  is  printeil,  l)ecause  the  blank  space  in  the  tyi)e-wheel  occurs  just 
there.  Tlie  imper  strips  and  cylinders  descend  again,  the  fonner 
advancing  a  step.  The  clicks  are  then  disengaged  firom  the  ratchets,  and 
the  pallets  h  recraught  by  the  levers  L',  which  were  lifted  up,  causing  the 
amiatnTes  to  be  i>ushed  down  again  to  the  iwles  of  the  magnets. 

"  If  a  key  answering  to  any  letter  be  now  pressed  down,  the  current  is 
rejieate^l  the  moment  the  chariot  i)asses  over  the  raised  contact  i)in ;  the 
printing  axis  is  put  in  motion,  the  letter  printed,  and  the  pai>er  pushed 
on  as  liefi>re,  and  so  on,  until  the  message  is  comiileted. 

**  It  s<mietimea  happens  that  the  apparatus  do  not  agree  when  one  of 
the  stations  sends  its  message.  In  this  case  the  employ^  at  the  receiv- 
ing stati^m  advises  his  corresiwndent  of  it  by  giving  him  a  signal ;  both 
then  arrest  their  tji)e- wheels,  and  the  transmission  is  recommenced, 
beginning  always  with  the  blank. 

*•  To  avoid  the  inconvenience  of  irregular  working,  which  might  arise 
from  changes  in  the  battery-  iM)wer,  Professor  Hughes  has  a(h)i)te<l  a* 
method  of  short  circuiting  the  coils  of  the  electn)-magnet  the  instant 
after  the  annature  is  released,  that  the  current,  whirtever  may  be  its 
intensity,  comes  into  play  only  long  enough  to  eftect  the  n»quin»d  weak- 
ening of  the  magnetic  attraction.  Tliis  is  done  by  comiecting  one  end 
of  the  eU*ctro-magnet  coils  Mith  D,  and  the  other  end  with  L,  in  addi- 
tion to  the  other  connections,  and  by  adjusting  the  screw  d%  so  that,  when 
at  rest,  the  armature  rei>osing  on  the  iM)les  does  not  touch  it;  but  as  soon 
as  the  neutnUization  occurs  it  is  lifted  up  by  the  force  of  the  spring,  and 
tlie  coils  short  circuited  by  contact  of  D  with  (V. 

*•  The  si>eed  of  transmission  attained  by  this  apparatus  is  ver>'  great. 
The  chariot  and  t>i)e- wheel  revolve  about  one  hundred  and  twenty  times 
in  a  minute,  and  an  exi)ert  manipiUator  can  transmit  on  the  average  two 
letters  during  a  single  revolution  of  the  shaft. 

^*  The  word  *  telegraph^^  for  example,  is  completed  in  six  turns,  as  fol- 
lows: 

First  turn blank  and  t. 

Second  turn e  h 

Thini  turn e. 

Fourth  turn g  r. 

Fifth  tnm a  p. 

Sixth  turn h. 

*•  Tlie  French  word  * bonte^  is  done  in  four  turns — 

First  turn • Blank. 

Second  turn ' bo. 

Third  turn n  t 

Fourth  turn i. 
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"  Another  example  is  the  word  ^  dintz^^  more  fortunate  than  either, 
being  transmitted  during  a  single  revolution." 

In  summing  up  the  advantages  and  disadvantages  of  the  Hughes 
apparatus,  Mr.  E.  E.  Blavier,  vol.  II,  pp.  268,  269,  says: 

"The  dispatches  by  the  Hughes  apparatus  received  upon  the  strip  of 
paper  are  directly  transmitted  to  those  for  whom  they  are  destined  with- 
out any  transcribing.  The  strip  of  pai)er  is  cut  off  and  pasted  in  lines 
upon  a  leaf  of  ordinary  paper.        ♦        ♦        ♦ 

"The  strip  upon  which  is  the  impression  at  the  place  of  departure  is 
preserved  for  the  control.  The  errors  and  the  delays  which  attend  the 
copying  of  the  dispatches,  and  the  expense  of  clerk-hire,  are  thus  dimin- 
ished. 

"Errors  can  also  be  revised  during  the  transmission  made  by  incorrect 
manipulation,  or  erroneous  reading  of  the  text  to  be  transmitted.  But 
there  occurs  no  confusion  in  the  signs  received,  as  may  hapi>en  in  the 
Morse  system  when  cert-ain  letters  resemble  each  other,  or  in  the  appa- 
ratus for  fiigitive  signals  where  all  depends  upon  the  attention  of  the 
oi)erator. 

"These  advantages  are  common  to  all  the  printing  apparatus,  but 

that  whi(*h  distinguishes  the  apparatus  of  M.  Hughes  is  the  great  speed 

•of  transmission  that  he  gives,  which  is  due  to  this,  that  each  letter 

requires  but  a  single  passage  of  the  ciurent,  and  to  this  that  there  is  no 

stopping  of  the  at)paratus  during  the  transmission. 

"  This  speed  suri)asses  greatly  that  attained  by  aU  the  other  systems. 

"  Upon  the  lines  of  four  hundred  or  Ave  hundred  kilometers,  (thirty- 
one  miles  English,)  for  example,  flfty-five  to  sixty  dispatches  of  twenty 
wortls  in  an  hour  can  be  easily  transmitted  with  the  Hughes  appa- 
ratus on  condition  that  the  labor  is  continuoi^  and  the  order  of  trans- 
mission is  not  often  changed.  Under  the  same  conditions  from  thirty- 
five  to  forty  dispatches  can  with  difficulty  be  obtained  by  the  Morse 
apparatus,^  and  from  twenty  to  twenty-five  with  the  dial  apparatus 
or  escaiwment  printing  instruments. 

"On  the  other  hand,  the  manipulation  of  the  flughes  instrument 
requires  expert  and  intelligent  oi)erators;  for  the  want  of  skill  fannot  be 
remedied  by  a  slower  ti*ansmission,  as  with  the  dial  or  Morse  instru- 
ments. It  is  very  complicated,  and  in  consequence  is  liable  to  fi*equent 
derangement.  It  cannot,  tlierefoit*,  Ik?  used  for  ordinary  stations,  (pastes 
secondaire^jj  whei*e  the  Mors<*  instniments  will  always  be  preferred 
because  of  tlieir  greal  simplicity.  For  the  inqwrtant  offices  connected 
directly  by  the  wires,  it  is  eminently  practical,  and  it  has  already  ren- 
deivd  gn'at  ser\-ices;  it«  ust?  is  daily  extending." 

It  is  to  be  n^marked,  inn*gard  to  this  exti'emely  ingenious  instniment, 
that  it  is  not  the  si)ecial  result,  to  wit,  the  printing  of  the  onlinaiy  letter. 
of  the  alphalK^t,  that  gives  to  it  ks  prominence  and  its  gii^at  excel- 
lence; these  are  due  rather  to  the  greater  quantity  of  intelligence  it  pro- 

^JPoT  oorrectioii  of  thette  erroneous  figures,  see  SUUement  of  ctnuparative  speedy  dec.  Chap.  v. 
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6  lA  Inuismil  in  n  t^wn  time.  It  miiHt  be  odinttt^ii  that  nitjilc  froni 
»•  riiu|iUi-itT  of  th«»  apimratiiH  b.\-  which  thv  Murnu  i;hanict*T»  !in«  trims- 
tied,  iiDB  or  Ute  rliw'f  nieritii  nf  the  Miirse  apparatws  has  liilJifitu 
I  »  np>alet  lUDoant  uf  in ti>lli genre  in  a  given  time,  atitl  hy  sii 
utit,  rail  b*  transiairt*-!!  ami  rwordpil  l>y  it  than  by  any  otljflr  ny 
%  U  BOW  iw*(>rt«cl  tluit  till-  Huglies  npjmnitns  trauaiiiit*<  inoiv 

■,  as  tho  \ativr  is  now  HstiaUy  opi'nitfi!.     If,  liowevcr,  it  »\i: 
^pitaimtl  tbiit  tht>  Murmi  haa  lM>en  luulonwtiinatvtl  tti  it»  ^ih-ciI  of 

u,  or  if.  by  some  mudiflpation  or  improveniont  in  maiiiptilatitiD.  or 

I  the  operator,  it  slioulcl  lie  (lemotiNtrated  that  the  Worse  transiuit« 

I  ropidly  as  the  ITaghes,  or  even  if  it  Khould  l>t>  with  somewluit  less 

biiUtt>-.  tlie  liuprovi'iuent  of  whatever  nature  wnidd  in  all  probability 

fnnf  the  lIu;^heH  apparatiiH  to  yive  phwi'  to  the  im|>rovempnt,  piiinded 

|w]ii4iii>r  enciiriilvretl  with  p-ciit  coin  pi  i  eat  ion.     For,  lie  it  i-i-markcd, 

■  pulilir  ax  well  on  tUe  ti'legrapli  adniinistnitions  are  moat  inU'ifsted 

I  baviu);  the  greateKt  ipmiitily  in  the  Mhortest  time,  nnd  will  eare  very 

I'  wlielber  the  telegraph  tlerk  who  nreives  a  dixpateb  has  eome  to 

L-  kuowIedKc,  for  example,  i>f  the  letter  E  by  the  siinplt'  dot  [- 1  of  the 

HoTM'  node,  or  by  the  ntmal  E  of  the  Koman  alphabet    It  in  tlie  same 

tI«T  ill  eirlier  case,  an<l  that  process  whieh  ean  with  dne  economy  aud, 

I  complicjilion  send  the  greatest  nnniher  of  tli^ni  in  a  givi 
$tl  U-  pn-t'emil  lo  all  others'. 

ABLINCOirKT'S  PBDrriKO  APPARATt'S. 

I  For  a  rlt-ar  description  of  tlii»  verj-  ingenious  Bomiui-letter  printing 

■ntiut,  (irliicti  wait  altso  exhibit«<l  at  the  great  exhibition  of  lSti2.  and 

febrit'dy  noticed  in  the  rwonl  in  the  Practical  Mechanics'  Jonmal,] 

e  ioiiuirvr  Is  n.-fcmil  tn  tliu  cxeirllent  work  of  Bla\ner.  vol.  II,  pji.  '22G 

p23:t.     Mr.  Blaricr,  however,  afltir describing  it,  says:  " This uppai-atus, 

ttwilliHtaaitini;  its  apparent  complication.  gi%-es  good  msiUts,  ami  has 

4'tupli»ye4l  with  snecess  upon  some  lines.     It-,  neveiHiclefts,  ha.s  the 

u\-Mileiiot>  uonimon  lo  the  dial  apiiamtus  of  nnpiiring  a  gn/at  number 

f  eniusiimt  of  the  current  for  each  letter,  and  cjinnot  Ik;  used  but  uyj 

1  lines." 

U»iiy  of  llip  inatninieni*  in  the  Exposition  l«ear  only  the  name  of  I 

wbanidan  in  whose  ateliers  they  have  Ijeen  eonstmcfeil,  but  in  f 

ntiiii  nienlionetl  in  the  catalogue  under  the  following  iniml>en 

■  of  the  api»iratns  of  Messrs.  Digiicy  frt-ww,  then 

inct  nK-i^iition  of  the  original  inventor.    Thene  iiistmmenia  d 

'  fittli!  from  i^acb  other,  and  not  at  all  in   the  essential  feat^ 

t  the  original  Morse  api>arafns.     They  are,  withont  exception,  i 

I  practically  effective. 

■  nuMrkiiwori'mailulu  tliuMitunmnf  T%7,jiiHlafti-r  tbK  clii««uf  ibi^EiTia- 

r  UlMt  tiiiii',  aa  will  \mx  bi<vii  by  nifcii-uw  to  t'X]«riuii"ut»  au  npidit;  of 

IwiUitluMumr  a|>iumitna  in  tbo  ruitnl  ^tatai,i]ii!  niplilltyi)riht>inniiiia1 

r  thti  HoTM  ftppnnrtu*  ii  iliowti  to  far  ■■xr»il  tlic  rnjiltllty  ut  ilt.  HohIiw 
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"No.  04.  Longoni  &  Dell  Acqiia,  of  Milan — The  Morse  Telegraph,  modi. 

fled  by  Moroni. 
"So.  (il.  Joseph  Pik,  Warsaw— Telegraph,  Morse  system, 
"  JTo.  00.  Joseph  Poggioli,  Florence — The  Morae  apparatua  complete. 
"No,  7.  T.  A.  M.  Sortira — The  Morse  apparatiia. 
"So.  49.  I^on  de  Hamar,  Testh,  Hungary— Telegniph  appanitns  of 

Morse. 
"No.  50.  Jean  Leopoldcr,  Viemia — TyiKigraphic  telegraph,  with   the 

Morse  characters." 

DUJAEDIN'S  PBIKTING  TELEQBAPH. 
This  apparatus  is  comi>osetl  of  u  manipulator  (Fig.  13.)  ami  n  register 
(Fig.  13.) 

Fig  12. 


I'riiitini!  TclvKriipli  "f  l>r.  UiOnriliu,  uf  LilU>— Miuiiiinlutor. 

The  manipulator  consists  of  a  wheel  (h  gorge  Kinueune)  of  fuurttH'ii 

umhUutions,  makiug  the  commutator  A  oscillate,  which  semis  over 

the  line  at  each  turn  of  the  wheel  twenty-eight  currents,  alternately 
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positive  and  negative,  succeeding  each  otter  without  any  appreciable 
interval.  • 

The  axis  of  this  wheel  bears  a  crauk  B,  which  moves  above  a  dinded 
dial,  upon  which  are  engraved,  uiHin  two  concentric  circles,  the  let- 


ttn,  the  numerals,  and  other  conventional  signs.  When  the  crank  is 
Momwd  before  any  Iett«r,  and  is  sank  in  the  corresponding  notch,  the 
Aaft  0}  irUch  is  articulated  with  this  crank  and  traverses  the  a^da  "' 
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the  dial,  is  pressed  down,  and  causes  to  move  under  the  manipulator  a 
double  commutjftor,  which  produces  an  impression  of  the  letter  by  means 
indicated  presently.  During  the  reception,  the  crank  of  the  manipulator 
ought  to  be  constantly  kept  down. 

The  receptor  or  register  is  composed  of  two  trains  of  wheels  serving 
the  one  to  turn  the  type- wheels,  the  other  to  produce  the  impression,  and 
(declancJih)  each  by  a  special  electro-magnet.  The  last  movable  wheel 
of  the  iirst  train  of  wheels  carries  an  escapement  wheel  of  fourteen  teeth, 
and  two  type-wheeL4 — the  one  for  letters,  the  other  for  numerals — acting 
alternately.  These  wheels  are  cut  out  in  the  form  of  rings  and  fitted 
into  one  another,  so  that  they  resemble  an  x ,  whence  their  name  of  cross- 
wheels.  The  electro-magnet  D  E  oscillates  the  pallet  F,  polarized  by  the 
piece  of  iron  G,  which  is  itself  polarized  by  the  magnets  placed  under  the 
register.  The  last  movable  wheel  of  the  second  train  of  wheels  carries 
the  stop  H  and  the  eccentric  I.  The  halting  magnet  (aimant  boiteujo) 
J,  by  the  intervention  of  a  fork  with  two  prongs,  serves  to  release  the 
stop  n,  and  allows  it  to  make  a  complete  revolution.  During  this  revo- 
lution the  eccentric  I,  by  means  of  a  crank  K,  raised  above  the  lever  L, 
is  made  to  strike  the  paper  against  the  types.  The  axis  of  the  second 
movable  wheel  of  the  impression  wheel  carries  the  cylinder  (entraineur) 
M  and  the  roller  If,  which  moves  forward  the  paper  during  the  revolu- 
lution  of  the  stop.  The  plug  or  ink-stopper  O  presents  a  particular 
arrangement;  it  is  a  brass  tube,  in  which  is  moved  a  piston  by  a  screw 
P,  and  which  contains  an  oleaginous  ink.  A  disk  of  velvet,  which  gives 
passage  to  the  ink,  shuts  the  tube,  and  is  found  constantly  in  contact  with 
the  t^ijes  of  the  wheel  which  does  the  work.  The  screw  of  the  regulator 
Q  allows  to  the  velvet  to  press  more  or  less  upon  the  t>i>es.  The  electro- 
magnet shut  up  in  the  box  R  serves  to  cause  the  local  current  in  the 
printing  electro- magnet  to  pass  at  the  projKT  time. 

AVhrn  it  is  desired  to  transmit,  the  crank  of  the  dial  is  turned,  and, 
from  this  movement  of  rotation,  a  series  of  currents,  alternately  positive 
and  nejrative,  result,  which,  in  a  biforked  manner  in  the  electro-mag- 
nets D,  E,  and  R,  produce  on  the  one  part  the  rotation  of  the  type- 
wheels,  and  on  the  other  the  i)ermanent  attraction  of  the  pallet  of  the 
electro-magnet  R,  which  carries  the  current  by  which  the  printing  is  done. 
When  the  crank  is  pressed  into  the  notch  corresponding  to  the  letter 
which  it  is  desired  to  print,  the  double  commutator  under  the  manipula- 
tor is  brought  into  action.  This  double  commutator  serves  on  the  one 
jmrt  to  break  the  current  of  the  line  and  to  put  into  a  position  of  recep- 
tion the  apparatus  of  the  operator  who  transmits,  and  on  the  other  part 
to  transfer  the  battery  current  of  the  line  to  the  local  circuit  which  is 
emploN  e<l,  it  may  be  altogether  or  only  in  part.  •  Ui>on  the  divided  dial 
and  at  the  extremities  of  the  same  diameter  are  found  two  empty  di\i- 
sions,  which  serve  to  make  the  spaces  between  the  words,  and  work  the 
change  of  the  type- wheels.    Wlien  the  crank  is  pressed  into  the  division 
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between  Z  and  A  the  wlieel  for  the  letters  in  brought  into  action,  and 
wlien  the  crank  is  pressed  into  the  division  between  M  and  N  it  is  the 
other  wheel  which  is  brought  into  action. 

The  aitparatus  which  is  here  desciibed  i>erinits  the  transmission  of 
twenty-three  words  per  minute,  and  has  operated  actually  between  Paris 
and  Lille  in  a  very  satisfactory  manner.  The  s))eed  of  transmission 
anioimtA  to  from  thirty  to  thirty-flve  words,  by  substituting  for  the  dial 
manipnlator  a  key  manipulator,  and  employing  a  little  different  register 
from  that  described.  The  apparatus  thus  modiffed  can  operate  at  very 
fH'eat  distances.  It  has  operated,  thus  very  regularly  during  six  months 
between  Ix>ndon  and  Edinburgh,  and  if  it  has  not  been  definitely  adopted 
in  England  by  the  Electric  Telegraph  Company,  it  is  that  at  the  present 
time  it  does  not  print  the  numerals. 

PANTELEGllAPHS. 

One  of  the  two  modes  by  which  ^\Titing  or  printing  was  to  be  effected 
at  a  distance  was  the  mode  of  recording  by  the  chemical  decomposition 
of  a  metallic  salt  by  means  of  the  electric  or  galvanic  current.  Although 
the  curliest  experiments  successfully  proved  the  practicability-  of  this 
mode  of  recording,  yet  the  simplicity  aimed  at  by  the  writer  of  this 
report  in  devising  his  process,  turned  his  attention  more  engrossingly  to 
the  second  or  mechaniciil  mode  of  recording  by  means  of  the  electro- 
magnet. Subsequent  to  these  results,  obtained  a«  early  as  1835,  Davy, 
in  England,  devisinl  and  patented,  in  1839,  a  plan  of  marking  by  chemi- 
cal decomposition  which,  however,  has  never  been  in  practical  use. 
Bain,  still  later,  in  184G,  proposed  his  method  of  marking  the  Morse 
alphabet  by  the  successful  application  of  a  more  sensitive  salt  than  had 
been  employed.  Bakewell,  in  England,  in  1851,  further  developed  the 
electro-chemical  mode  of  marking,  by  devising  and  accomplishing  an  inter- 
esting result,  which  hiis  since  been  expanded  and  imprnved  by  Bonelli,* 
of  Florence,  and  more  recently  by  Caselli  and  Lenoir.  By  the  genius 
and  skill  of  these  distinguished  men,  the  electro-chemical  process  has 
been  successfully  ai)plied  to  the  production  at  a  distance  of  i)erfect  fac 
idmiles  of  writing  and  drawing. 

BONELLfS  APPAKATUS  MODIFIED  BY   COOK. 

Just  at  the  moment  of  transmitting  this  re]K)rt  to  Washington,  an 
interesting  article  from  the  Anglo-American  Times,  London,  February 
:f7,  gives  the  latest  intbmuition  i'esi>ecting  this  ingenious  modilicatiou  by 

•  TTm*  latucntod  death  of  tho  gifted  Italian,  Buiiclli,  has  retanied  the  pt'i-feoting  of  liis 
aotogra|»hii*  Hystem.  It  iM,  nevertheless,  advancing  to  perfect  ion  tln'ough  the  genins, 
prrbeTeiunce,  and  energy  of  his  friend,  Henrj*  Cook,  esq.,  wlio  showed  in  Paris  the  instru- 
■w-Dt  in  a  progressive  ntate.  It  gave  great  promise  of  taking  a  high  iKisition  among 
Ike  tdcgnphio  inifenimiuitidities  of  the  day. 

3t 
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Henry  Cook,  esq.,  of  Bouelli's  automatic  instrument.     The  article  is 
given  entire: 
** We  translate  the  following  from  a  French  paper: 

"<NEW  SYSTEM  OF  TELEGRAPHY. 

"  *Thi8  morning  the  Emperor  Napoleon  III  condescended  to  examine 
at  the  Tuileries  the  new  telegraphic  system  invented  by  the  late  Mr. 
Bonelli  and  Mr.  Cook,  partner  of  the  American  banking  house  of  Messrs. 
Kort<m  &  Co.  After  a  practical  and  complete  examination  of  the  new 
apparatus,  his  Mtyeaty  expressed  his  satisfaction  on  all  points,  and 
invited  the  inventor  to  come  the  following  day  at  noon  to  show  the 
Empress  the  rapidity  and  accuracy  of  the  instruments,  which  far  surpass 
all  yet  seen  in  telegraphy.  The  advantage  of  Mr.  Cook's  system  con- 
sists in  the  absolute  exactness  of  the  messages  transmitted,  and  we  need 
not  iK)int  out  this  value  to  men  of  business  who  are  aware  what  errors 
are  committed  with  the  instruments  in  use,  occasioning  inconvenience 
and  pecuniary  loss.  Mr.  Cook^s  system  also  enables  three  messages  to 
be  tmnsmitted  in  the  time  now  taken  for  one.  In  short,  his  Majesty 
considered  the  benefits  of  the  new  system  so  important  that  he  has 
authoriziKl  M.  the  Coimt  de  Vougy,  director  general  of  telegraphs,  to 
give  the  inventor  every  facility  necessary  to  bring  his  telegraphic  appa- 
nitus  into  general  use. 

*'*Mr.  Cot>k,  in  connection  \sith  the  celebrated  Italian  telegrapher,  M. 
Bonelli,  has  devotini  many  years  and  very  large  sums  of  money  to  the 
perfwtion  of  Bonelli's  system.  Since  the  decease  of  the  latter,  the 
impix>vement«  made  by  Mr.  Cook  have  been  so  satisfactory  as  to  attract 
much  attention  to  the  system,  not  only  in  Europe,  but  in  the  United 
Slates,  where  plans  are  being  arranged  for  its  general  introduction.  For 
UixuU  Britain  it  luui  been  most  favorably  considered  by  Lord  Clarendon, 
wlio  luus  liad  an  op|>ortunity  for  a  careful  examination  of  its  merits.  At 
the  8iHH)nd  interview,  both  the  Empress  and  Prince  Imperial  were 
pn\siuit.  Tlu^  printing  and  autographic  instruments  were  tested  with 
griuit  suiHvss.  Tlie  s^Hvial  objects  of  tlie  improvements  of  Mr.  Cook 
an*  iHTftH»t  atH»unu*y  and  great  rapidity*  in  idl  seasons.  No  action  of 
temiH'rature  or  climate  have  any  detrimental  effect  on  these  instruments, 
whicli  so  far  have  workeil  better  in  bad  weather  than  in  fiur.  The 
8|HH*ial  im|H)rtaniv  of  |H>sitive  tuxniracy  cs^unot  be  denied,  and  with 
these  instruments  it  is  iusunHl.  Mr.  Cook-s  system  is  grounded  on 
Chevalier  Oaetano  BonelliV  i^atout^  which  he  purchased  in  1860,  and  by 
years  of  labor  and  outlay  impruvetl  into  the  iustmment  just  submitted 
to  the  Kni|H«nm  The  original  instrument  ciuistnicteti  from  this  patent 
was  automatic,  and  nnpiinHl  ttfty  wires,  working  simultaneously  yet 
indeiHMuleutIj%  while  the  prtvunit  mnnls  but  iMie,  The  Ursl  improvement 
was  the  pixKiuotiou  of  a  telograplue  machine  ixnlucing  the  number  to 
eleven  wires,  then  to  flve«  though  even  this  number  barred  its  guieral 
adoption,  notwithstanding  it«  |H)wer  to  luriut  forty  messageti  per  lioQr, 


^^prin^  Heciimry,  nnti  Iti-tu^  itiiU-]>ciiil>'iit  dI'  Hyiiolitoiiitiin.  TLd^  {trowut 
^HknunMits  wfrt'  ftirtlitr  mudiUoil  by  Messrs.  Kuitelli  uiid  Ili|i|i,  but  U> 
Hp.  Cook  is  tlao  tUv  ftiiul  imi>rovL-iiK>[i(>»  whii^h  low  uiuke  llit-iu  hu  iieiiHy 
Bivfeot.  TtiB  tuuL^hinery  i»  simplu  iitid  strong,  tlic  piii't>4  dclkMtt<<  in  siib- 
Bpwce,  art*  of  steel,  suul  tJiere  is  iiotliiii};  which  with  unliiiai-y  wvar 
Hhsnltl  (flit  ant  of  onler.  The  iaritrampntH  ai-e  said  to  bo  capiibk'  »f 
^buHinittili?  one  linnili-cd  and  sixty  ini>8Hageti  pt-r  hour,  but  in  n-ulity 
^■flf  <wn  luwomplisli  from  ei|;bly  to  one  hundred,  tbi^  muximuia  nf  iiitu>r 
HMtntnionbi  bi-intf  forty.  The  syi^tein  al»o  pvriuittf  greater  ii{>eed  in 
Bltfvviy.  T)u- Mldii-iu is tirst  printi-d,  and  tlt(^  envt-lopc  can  \*v  iuldivtiM>iI 
HglBt!  Uiu  rvfft  uf  tbw  dinpatch  is  printing  off.  WLen  fiidctUvd,  tlu-  iirikt 
^Kpoiuied  iH'twi'uti  rullprH  of  bluttiiit;  piipcr,  luid  dispati'bud — tiu  nunl  to 
^kd  it,  tt«  licpunii^y  in  sure.  The  simpUeity  of  tliQ  pltui  t;nitblu.i  tbo 
^^ttors  of  the  8yRt«iu  to  engage  b)  »end  mexHages  i-lieaply — cliihln'n, 
H<9*i  M*  HjcirU  lieiiig  Nonu  abb>  to  set  np  the  tyi>e.  Experiments  prove 
HfeMRMirbwn  aud  a  linlf  wonls  ]tor  poi'twn  per  iiiiniite  esin  easily  tie 
Ptttained ;  thnx  miu;biiK^s,  at  the  nif:^  of  eiglity  messages  per  honr,  wmdd 
"  tntnitmil  one  thuiisaiid  six  biUkdn-d  words  per  hour;  two  type-setters 
voiitd  t.>iin[>0Nc  one  thousiind  seveu  hiuuln-d  and  forty;  one  maelnne 
r'.Tl:  ;nid  two  tyia'-setters  eaii,  therefore,  keep  the  instrument  nt  tlie 

II  pace  of  work.  During  the  interruption  of  a  Hue,  the  time  by 
>  ■^teuni  is  now  lost ;  by  Mr.  Cook's  apparatus  the  mexsagcs  are 
:  liey  aixive.    The  nioiueut  a  line  is  reported  good  the  luessnges 

■  «iii[  tbnmgli  at  llie  utmost  speed,  and  lost  time  may  thus  to  a  great 
-^itint  U'  retrieved."' 

It  mny  lie  remarkedlhat,  properly  to  estimate  the  value  of  this  niixlili- 

■  ^^■'  iietual  result  must  be  considered,  assuming  that,  other  things 

:il,  that  system  which  can  tniusmit  the  greatest  quantity  of  dis- 

I I I  .1  given  time  is  tlie  best. 

li.  ....>.  ;is  in  the  other  antomatic  devices,  the  time  required  to  pre- 
pare Ih^  ilispatelies  for  tmn.smis.si on  is  an  essential  element  in  the  eol- 
Mlstluit.    Whf-ther  thii<  time  of  preparation  can  be  eeonuinieully  less- 
•fi«!  l»y  dividini;  the  lalwr  of  prt^paration  among  several  jwrsons  is  a 
i.ittt-r  iicnnly  of  tlnanee.     Whether  it  is  economy  to  employ  one  iwrson 
r  u  iiarticnlar  work,  or  whether  Keveral   persons  can  accomplish  it 
...ri,  r.  i^  outside  the  merits  of  the  transmitting  machine.    The  pn-para- 
■  irk  to  l)e  n<-complisbed  prceeilenl  to  the  dntie«of  llieBUichiue. 
r  \  of  the  instnniK-nt  to  transmit  that  which  has  Iwen  preiwred 
111  point  to  which  attention  will  Iw  directcil. 
'iniments  aru  said  to  l>e  "capable  of  transmitting  one  hundred 
.  meiwiagw*  per  hoar,"  but  this,  we  presume,  is  the  maximum 
M    most,  favonibh'  circnmstaticva,  for  it  is  immiHliaT^'ly  added, 
r>-nlily  they  can  accomplish  from  eighty  to  one  hundred." 
<i  e[i»nitiou  for  transmission  it  is  stated  that  "esperinnyits  prove 
IT  •'4'n  and  a  half  words  can  be  set  up  by  one  person  in  a  minute ;" 
it  in  tu  say,  if  one  person  is  euipioyeil  to  pi'Cparc  a  dinjiatch  for  tiaiis- 
ji^oou  of  sixtMti  hundred  wordx,  then  twenty  words  (or  one  tlispa 


36  PARIS   UNIVERSAL   EXPOSITION. 

would  require  five  aud  a  half  words  more  than  could  be  prepared  in  one 
minute.  But  allowing  that  even  eighty  dispatches,  equaling  sixteen 
hundred  words,  could  thus  be  prepared  in  one  hour,  it  will  be  i>erceived 
by  n^ference  to  the  speed  tests  of  the  Morse,  given  in  the  table,  Chapter 
V,  that  Morse  operators  have  far  exceeded  that  rate,  having  in  fact 
transmitted  the  entire  eighty  in  the  time  that  the  Bonelli  instrument 
was  ready  to  commence  transmission. 

Nevertheless,  the  beauty  and  (compared  with  the  automatic  methods 
of  other  modifiers  of  the  system)  the  simplicity  of  Mr.  Cook's  modifica- 
tion and  improvement  of  Bonelli's  method  were  greatly  admired.  Expe- 
rience alone  will  determine  whether  it  can  be  economically  and  advan- 
tageously used. 

It  is  to  be  heartily  and  sincerely  hoi)ed  that  its  ingenious  improver 
may  realize  his  most  sanguine  exx)ectations,  and  the  objections  we  have 
hinted  at  find  a  successful  solution. 

From  the  well-known  liberality  of  the  French  administration,  under 
the  able  guidance  of  its  distinguished  chief  director,  it  is  sure  to  have 
a  fair  trial. 

APPARATUS  OF  THE  ARB£  CASELLI. 

The  apparatus  of  the  Abb6  Caselli  is  somewhat  complicated,  and  is 
very  expensive,  but  it  is  a  beautiful  and  efficient  apparatus,  producing 
its  results  with  perfect  success. 

It  is  easy  to  imagine  many  cases  in  the  affairs  of  a  government,  as 
well  as  in  common  life,  where  the  result  accomplished  by  such  an  appa- 
ratus would  be  of  immense  advantage,  and,  although  too  expensive  for 
general  or  ordinary  use,  it  is  destined  to  become  a  necessity  to  govern- 
ments as  an  adjunct  to  other  systems,  furnishing,  in  many  exigencies,  a 
verification  of  official  orders  and  other  acts,  demanding  a  more  imme- 
diate conveyance  than  by  the  mail. 

For  a  com])lete  description  of  this  exceedingly  beautiful  apparatus, 
the  inquirer  is  referred  to  the  lucid  and  accurate  description  of  it  in 
Blavier,  vol.  ii,  from  page  274  to  301. 

LENOIR'S  MODIFICATION — ^THB  ELECTROGBAPH. 

No.  13  of  the  (tatjilogue  is  an  apparatus  for  producing  a  similar  result, 
by  M.  E.  Lenoir,  whi<!h  he  calls  an  "  eloctrographe.'^  It  is  much  less 
complicated  in  appearance  than  the  Ablx5  Caselli's,  occupying  scarcely 
more  space  than  an  ordinary  Morse  apparatus.  A  specimen  of  its  results 
in  facsimile  drawing  is  tnmsmitted  to  the  department.^  The  specimen 
was  i>ro<luced  in  the  Exposition  on  a  short  circuit,  and  no  opi)ortunity 
was  afforded  of  proving  its  effica<*.y  at  a  distance,  or  to  ascertain  at  what 
distance  it  was  capable  of  oi)erating.  It  is  regretted  that  a  description 
promised  has  not  l)een  received,  as  the  apparatus,  from  its  simplicity, 
prei)ossessed  one  strongly  in  its  favor.  Si)ecimeus  by  Lenoir's  process 
are  also  transmitted.^ 


1  Deixwited  in  the  library  of  tho  Department  of  State. 
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r  WORRtUKHtltP  tX  Tlir    IXnilL'MXVK  ICXUIUTKII — SotrNDEIIS  I 

— ( ■  1 T- .v'-  s.-rM.rK  Ktmrsr  ix ntr  riw.ti — OwiiN  and »«*■ 


— pKBrKCTIOJC 
;OlSTlf  SKMA- 

nv  Tim  ACOtTS- 

I  itp  Tttx  mnm 

s  BRU.  soi'NPBii— BiuowT's  nicij,  soiTKriKH— Mobsk'h 

\L  eE>UFUOUK»— NlOKT  MONALS  IIY  UUUUK  C(»rr«M(— 
-JKllS  riElJI  SIGNAL  AI'I'ARATI-S. 

DIAL  OU  CADKAN  8Y8TKM8. 

[In  tliR  i4einn{>lioric  cIusk  of  iURtnimctits,  for  rominiiiiicatiiig  nt  a  ilin 

««',  a  great  variety  of  foi-iUH  adiiiitt'd  to  various  wrvice  were  displayed 

[Y  Hx)>o»itiiiii.    The  luost  common  form  was  that  of  the  dial  or  cad 

I,  c*intnliiiii;c  around  iho  circtimferoiu-e  of  a  disk  the  Icttern  of  Uie 

ulphaliot  and  ttie  mimoralH.    This  kind  of  iu8truui<>nt  is  ope- 

1  b}'  )i  hondh',  which  inovet*  an  indicator  to  the  desirtMl  letter  upon 

This  ui>tveiii<>iit  causes,  hy  a  "  step  by  stt'ii"  ai-Uou,  nu  uidex 

1  a  (titti  »t  11  Jistumv  to  move  nud  stop  at  the  Siuno  lott^^r.    Thtt  Ui- 

Lor  luiichiiivry  of  thette  various  (u.^ruuK'nt^  is  an  various  as  iu  ordt- 

jr  clock  iiiovemcutx  for  tlic  iiidicutiou  of  tiuie.    All  of  tills  cla«H  of 

nphorPH  have  loiip  Iwpu  invented  and  in  omj  in  the  Tiuted  States, 

«  well  adajtted  to  s|H'cial  service,  usually  ou  more  limited  cirvnits, 

r  private  iwe,  helween  places  of  Imsiness  in  or  near  cities,  lietwecii 

K  residences,  and  l>etween  railway  stations.    The  indication  of  llie 

nmon  lulter  on  the  dial  (1ls)»enses  with  the  necessity,  in  the  ordinary 

ilor,  of  lieeominy  familiar  with  a  conventional  code;  but  tlie  ojieru- 

ia  nee<.-s>oHlj  »\i)W,  and,  therefore,  not  so  well  adni»ted  lo  uduiinis- 

w  or  eoniiuem^l  purpusi^s  as  the  telegraplile  apparatus,  which  has 

eparummint  a^ivantage  of  leaving  its  record,  a  eouveuieiice  wludi  the 

e  dial  or  cadran  apparatus  doe,s  not  possess.    JIany  of  these  dial 

laphoresiu  use  m  Kuroiw  arcadmirahlyconstnicted  in  the  ateliers  of 

p  liccoiuplished  mechanicians  Diguey  (Wres,  Breguet  and  Froment, 

:,  Siemens  &  Halske,  in  Berlin,  Uipp,  in  Neufchatel,  and  uiauy 

I  Enillaud  and  in  other  countries,  displaying  the  greatest  lieauty  and 

r  workutausliii>. 

80nn>Ell8,  OB  ACOUSTIC  SEMAPHOBRa 

CATtlS'S  FIELD  SOUNDER. 

TG  Ifl  desinuaietl  In  the catalogne  na  "  I'oeket  Held  telegmph  fl 

"  uixl  IS  exhiliiletl  hy  J.  I).  1'alon,  est],,  of  Ottawa,  Illinois.     It  Is 

lat  M  i-ancd  u  sounder  iii  some  of  the  treatises  on  the  telegraph.     It  is 

|.  oDiqiring  of  the  wiimi>horiii  iinallty  of  the  Morse  n'cunliug^ 

wDt.    Thv  raom)  of  tht*  pen  lever  in  recording  with  tho  J 
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apparatus  indicates  also  to  the  ear  the  signs  of  the  Morse  code  that  are 
at  the  same  time  being  indicated  to  the  eye  upon  the  moving  strip  of 
paper.  The  sounds  of  these  letters  hold  the  same  relation  to  the  written 
telegraphic  letters  that  8i)eech  does  to  written  or  printed  language. 

As  some  misapprehension  exists  as  to  the  origin  and  nature  of  the 
acoustic  semaphore,  a  few  words  of  explanation  and  correction  will  not 
be  considered  out  of  place. 

There  is  a  peculiarity  inherent  in  the  nature  of  the  original  Morse  code, 
which  adapts  it  for  recognition  by  each  of  four  at  least  of  the  senses.  It 
addresses  not  merely  the  sight  by  its  written  character,  but  the  hearing, 
the  taste,  and  the  touch.  It  allows  therefore,  of  course,  recognition  by 
sound.  This  quality  of  the  Morse  code,  of  being  recognized  by  more 
than  one  of  the  senses,  does  not  belong  to  ordinary  alphabetic  charac- 
ters, and  arises  from  its  novel  construction.  The  principle  of  the  Morae 
code  is  this :  it  is  formed  from  broken  or  unequal  parts  of  a  continuous 
line.  It  is  composed  of  shorter  and  longer  lines,  or,  as  they  are  usually 
styled,  dots  and  dashes,  the  shorter  line  being  a  dot,  and  the  longer  a 
dash.  Each  letter  therefore  is  a  line,  or  group  of  lines  of  different 
lengths,  each  group  being  a  combination  of  these  elementary  parts,  dif- 
fering from  all  the  other  groups.    For  example,  A  is  represented  by  a 

short  and  a  long  line,  thus, ;  B,  by  a  long  line  and  three  short  ones, 

thus, ;  N,  by  a  long  line  and  a  short  one,  thus, ,  and  so  on. 

These  diflference^  are  at  once  recognized  by  the  eye  when  written,  but 
in  the  process  of  writing  them  by  the  Morse  apparatus  each  group  or 
letter  is  also  indicated  to  the  ear  by  its  sound.  The  rationale  of  this 
peculiarity  is  this :  in  writing  or  printing  either  the  dot  or  the  dash  in 
tliesc  groups  the  pen-lever  produces  two  sounds,  as  well  in  making  a  dot 
as  in  making  a  dash.  One  of  the  two  sounds  is  caused  by  the  stroke  of 
the  pen-lever  against  the  stop,  which  limits  its  motion  in  one  direction, 
and  the  other  of  the  two  sounds  is  caused  by  the  stroke  against  the  stop, 
which  limits  its  motion  in  the  other  direction.  These  sounds  are  the  natu- 
ral and  ordinary  accompaniment  of  the  process  of  writing  or  printing 
the  letters. 

It  might  seem,  at  first  blush,  that,  as  each  dot  and  each  dash  has 
equjiUy  two  sounds,  the  one  would  be  confounded  with  the  other; 
but  the  difference  by  which  a  dot  and  a  dash  is  distinguished  the  one 
from  the  other  is,  not  by  the  number  of  the  sounds,  but  by  the  difference 
of  the  interval,  in  the  respective  cases,  between  the  first  and  second  sound. 
In  the  one  case,  that  of  the  dot,  the  two  sounds  which  indicate  it  are 
separated  by  a  sliort  interval  of  time ;  in  the  other  case,  that  of  a  dash, 
the  two  sounds  have  a  longer  interval  lK»tween  them.  This  difference  of 
interval  very  soon  becomes  familiar  to.the  ear,  and  enables  the  operator 
to  hear  as  well  as  to  see  the  transmitted  dispatch.  This  iicoustic  effect 
is,  in  fact,  the  half-way  result  of  a  process  arrested  before  its  entire  com- 
pletion ;  completed,  indeed,  to  tlie  ear,  but  not,  as  yet,  to  the  eye.  Or 
the  whole  process  may  perhaps  be  better  described  as  producing  two 
results,  either  of  which  suffices,  and  therefore  either  may  be  dispensed 


I  plAaanre,  or  IkiUi  iis<>i1  togi'thpi-,    Tliis  rlmico  nf  rosulM  is  vxfm- 

I  in  Uw  s-arioiis  tiiNlriimnntH  UHing  thi>  Morst'  ihmIo.    Thin  wiuiidrr. 

rsiutt}il<-,  <lln]M'nNi'!*  with  tlip  writing  apparatus,  kikI  Uins  bf<'omc8  a 

laphurt' ;  on  thv  itlliei-  linnil.  IIk^  varlnun  inking  instrnnicnt^  (tispeiiHi* 

!■  Koniitl,  ftiiil  arc  wholly  ilepcndi'iit  ni>ou  the  wTitteii  rw>ril,  while 

B  mUxKNiiiit;  instmrnunW  using  tliP  rlry  point  hiivt>  the  double  advan- 

R  of  both  nwiltJi:  tlu-y  have  Iht'  aid  of  Ihf  ear  a.-*  well  as  of  the  eye. 

injt  prtiwsfl,  tlieretope,  it  will  Iw  poix'iiivi-d,  wliilf^  ;;ainin;;  iin 

K  in  one  direction,  loHen  an  advmiiage  iii  aiiuDit-r.     ft  i«  noise- 

aiii>4e(|iii-nic  has  the  diswlvanlage  of  the  electro-i-homieol 

t»  this  |«>inl  Mr.  Mabiiie  hints  at  this  dtHadvmitMge  of  uoi^e- 

I  tui  a  pivthuble  eftii»o  that  the  eleelro-ehemical  procenH  has  not 

been  popalar.     lie  nnyn  ({>.  180)  "  the  iioineles!*  ujieration  of  the  electro- 

dkemkiU  telv^n^phit  may  huvu  iM)riHt«<l  iti  keeping  thitt  tni>thod  of  record- 

^bt  out  of  more  general  luw.     it  is  always  iiidiKpeiiMibly  iiet'^'SRAry  to 

^■■ibltiA  nil  (dfti-iii  nilh  the  AyHt«ui,  to  vatl  tlie  atteution  of  the  nmiiipu- 

^■bir — not  M>  iKH-esAai'y  witli  the  Morse,  which  in,  iq  workiujir,  alwayi* 

^^^mpauied  l»y  thu  ntttle  of  tlie  beitni  and  armature."    Another  di&- 

^■vantAjte  of  the  eltv'trocheinieal  t^roe^tsK  is  hinted  at^ — that  it  lacks  an 

^vnotniv  arruJigemeiit  for  Iraitslititioii ;  Ihat  it*,  as  a  relay  or  moans  of 

^■gietitioii,  which  is  aa  iuherent,  nataral  advantage  iu  the  Morse  cm- 

^Kning  Hyotem. 

^■nie  firet  acoustic  seniaidiore  noting  the  Morne  eode  was  the  original 
^■Bonliiif;  instrument  shown  by  the  writ^'r  in  1835,  »t  which  time  tliiit 
^■nktoctic  peculiarity  wan  not  only  noticed,  but  was  then  made  kiiuwu  lo 
^Benv  >>"'' '"'■"^  ■'*^">'i<l*^'''<'^  "''  Hiinieient  important  to  l>e  secured  by 
^BttVA  patent  drawn  up  hi  1837.  The  claim  theiviii  Is  for  a  niude  of 
^Liunnicating  tnt>i*lligenc«  "  by  si^^ii^  and  soundit,  or  either." 
^KTho  |H*D-lever  In  all  the  earlier  instnimenis,  as  »t  this  day,  had  tliia 
^■MHtie  Htnnicter,  iind  wliether  recording  or  not  upon  the  moving  strip 
^m  pa|M*r,  ili^tinelly  Indicated  the  letter  by  its  sonnd.  Tt  Khonid  lie 
^MiHuited  (hut  thix  m'oustie  quality  rendered  any  other  alitnu  unne- 

^Wrbf*  Munder  csiiibit^'xi  in  the  American  i^eetiun  is  Uie  Morse  ih'ii  lever, 
^■thout  llie  pen,  thus  sepamting  f'rfiin  the  register  tiie  a(^oul^tic  jiorlioii, 
^^pich  U  iti>atly  compacted  in  a  bos  uo  larger  than  a  »nut1'liii\.  The 
^■lowini;  description  of  the  instrument  is  taken  from  the  reixirt  ujion 
^b  United  HljH»vt  se<-lion :  "  This  iustmment  consists  of  a  pair  of  heUcei', 
^K*h  twi)  iiichcit  hmg  and  tltive  fourths  inch  in  diameter.  eticaMt^il  in  a 
^Bn  cylinder  of  hnnl  niblH-r.  They  are  wound  with  No.  :Ui  insulated 
^HipvT  win*.  Tile  armature  is  one  and  flve-eiglitlis  incti  hing,  one- 
^^patii.4Ji  of  on  bicli  lliiek,  and  omwinarter  of  an  Inch  wide.  The 
^Hnwlfne  levLT.  of  brass,  is  one  uiul  a  lialf  inch  long,  in  pliKt-d  hori- 
^Hrtally,  tram  the  tient«r  of  wLich  di-ops  a  pi-rpeudicnlar  arm,  to  nliieli 
^B  araAtnrv  in  Hitiu-bed.  llie  fW'e  end  of  the  sounding  lever  playa 
^■tiraon  tlie  milled  beads  of  two  set  screws,  the  upper  of  which  is 
^Hirtsd  in  the  lower.    Tliis  eouuccts  with  n  bi-Hnehed  utivil,  the  two  ' 
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leg»  of  which  rest  upon  a  brass  sounding  board,  one  and  three-eighths 
inch  in  diamet^^r,  which  is  concave  beneath,  and  is  attached  with  three 
screws  to  the  bottom  of  the  case,  a  diminutive  acyusting  spring,  act- 
uated by  a  milled  head,  adjusting  post  with  miUed  headed  connecting 
screws.  At  the  opposite  end  of  the  magnet  is  a  key  of  very  thin  tem- 
pered brass,  one-quiirter  of  an  inch  wide  and  one  and  three-quarters 
inch  long,  with  ivory  finger-piece,  connecting  points  of  platinum,  and 
a  current  breaker  with  ivory  handle.  This  completes  the  mechanical 
contrivances,  and  the  whole  is  inclosed  in  a  hard  rubber  ease,  with 
a  cover  like  a  snufi-box. 

"  The  external  dimensions,  when  shut,  are,  length,  five  inches ;  breadth, 
two  and  a  quarter  inches;  height,  one  and  a  quarter  inch.  The  ends  of 
the  box  are  semi-circular.  The  case  stands  upon  four  brass  legs,  three- 
eighths  of  an  inch  diameter  and  three-eighths  of  an  inch  long.  Entire 
weight,  ten  and  a  quarter  ounces. 

"  Here  are  all  the  instruments  necessary  for  a  complete  telegraph  office, 
where  the  operator  receives  by  sound.  No  local  circuit  is  requiretl,  but 
it  is  operated  on  the  main  circuit.  Tlie  rei)ort  is  as  clear,  distinct,  and 
audible  as  that  of  an  ordinary  sounder  actuated  by  a  local  circuit.  It  is 
designeil  for  use  in  the  field  or  out  of  doors.  A  telegrapher  will  attach 
it  to  the  main  line  anywhere  in  the  country  in  five  minutes,  when  he  can 
send  and  rt^ceive  messages  with  the  same  facility  and  accuracy  that  he 
can  in  a  regidar  telegraph  office.  Mr.  Gaton  states  that  during  the  war 
he  suppliiHl  the  government  with  a  large  number  of  these  instruments, 
but  was  unable  to  fill  all  of  the  orders  of  General  Stager,  who  had  charge 
of  the  government  telegraph  department.  Keariy  all  telegraph  super- 
intendents are  suppliwl  with  them,  as  well  as  very  many  operators,  who 
never  tnwel  without  them.  Their  invaluable  services  in  case  of  railroad 
aividents  may  l>e  reiwlily  appreciateil,  and  at  the  west  they  are  in 
constant  us4\  An  a«*ount  of  their  serxices  thus  rendered  each  year 
would  fill  a  volume,  and,  really,  no  train  should  ever  move  without  one, 
in  the  hands  of  a  comiH*tent  oiH^rator." 

It  waslH^autifully finisluHl.and  wassentto  theExi>ositionby  Judge  J.D. 
Taton,  of  Ottawa,  Illinois,  and  manufaoturtnl  in  Ottawa  by  Mr.  Robert 
Ileming.  wlu>st*  telegniphio  iiistniments  are  among  the  best  uithe  country. 

Various  nuMlifications  of  the  acoustic  api>aratus  have  subsequently 
l^eiMi  nnule  in  RuroiH\ 

PROFESSOR  STEIMIEIL'S  SOUNDER. 

Pn>fessor  Steinheil  was  the  first  in  Eun>iH\  who  attempted  an  acoustic 
metliiHl  by  causing  the  magnetic  niHHlle,  by  which  he  also  recorded  signs, 
to  strike  \\\Hm  two  Ih^Hs  of  dittvn»nt  tone,  ai*iH>nUng  as  positive  or  iiega> 
tive  cum^its  wen*  uuule  to  imss  thn>ugli  the  conductor. 

SIR  CHARI.KS  BRIGHT'S  SOUNDER, 

Sir  Charles  Hright,  in  England,  introilucetl,  at  a  still  more  recentdat^, 
an  efficient  miHlification  of  the  acoustic  apimratus  upon  the  lines  of  the 


lATUB,  I 

il  Irish  )tapi(-tic  Telt'fpapli  Ornupauy.     Tbo  mndilWotiai 

mI  in  ^Mtitfitliif;  twu  Ih'IIh  ul'  ililVficiit  t^tiios  to  iiulicuU<  the  Mi 

ilRiiiplwi'or  tJitiMoiHt  UKinliii  tlif  origiuul  Murst^tmstniuiL'titiby  wUinb 

itlvniKnt-U  IMS  viiriud  suuiiil  wiiis^vi-ii,  aiuliitiliidii^  tlioiicj^iilive  uiil 

8it)\x*  anirrcnts  to  uijurat*.'  the  bella.     Experipiice  woiiltl  nwm  in  liave 

uci-tltliHt  of  UiL'twii  iiitMlfM originally  iiHlirutiiie  the  Moi'cw  ctxic,  t«  wil; 

y  «-ritiii(;aiiti  Iiy  Kound,  tlie  a<^iist  in  luodn  iRlitHtiuiing  inoif  csU-iKkii  aud 

•  t>vi>u  jirefi'nvtl  Lu  larfi*  ditttrintj*  fur  oitliimrj-  coiuiiiiiiik-utiou.    TUi- 

nx>n«  fnuii  vnridUH  puits  ul'  tlu^  Uiiit4^'(l  St)it«'i4,  frutii  Un>al  Brilaiu,  luid 

[1  tJic  Kust  l»<tk«  sliuw  tJiiit  it  lins  »oiiie  Kilvaiitnges  orcr  lh»  writ- 

S  bkmIp;  but  wlirti  tu^ed  a»  au  tuxtruini'iic  M^parahtd  tVom  tli*^  writinK 

Mmtu.'i,  it  liaM  the  diM:Hiraut»gp»>ininon  to  all  Hciuaj>hoixN4  uf  having 

9  n<«oni  fiirjustiflcatioa  or  routrol    Tbc  In-ll  up)i(imtt)«  i«  al»u  suid  to 

e  eoni|ilniiifil  1)1'  In  1\w  larger  olliiwa,  on  wcoiuit  uf  tin-  givat+T 

f  pnMlat'«  uji-j)Uii);  euiilii»iuii,  bnt  tliin  dt^f'tH^t  i»  i-uitlly  ob\'iat 

;oiind  to  any  deoiit-d  dtgii^-  of  loiulnesit. 

Tbv  mliKtotitiuI  iiDprovuiut'iit,  howi-vor,  in  Sir  Chark's  Bright' 

im  of  till-  Mituidej'  i"oiisi«ts  in  applying  the  Mofse  adaptatin 

di^tn»-uuig)i«'t  to  Sti'iiilicirH  plim  of  lining  two  bells  of  dilfcivnt  tonps, 

1  iiiH>mtiug  tliPDi  hy  the  alt4iniaIJons  of  tlip  positive  and  npgiitivo  cur- 

mteofckftricity.    In  a  nwntlcttt.-rof  SirChiirles  Bright  to  Professor 

Hone  lie  «airs:  "Tlie  roiukI  instrnuicnt  whleh  I  adopted  for  the  mag- 

0  ouitlptiiiy  coit»tists  of  two  b<^'lls,dull  in  soiuid  and  difioriug  iu  iiwtc, 

1  on  pach  side  of  the  o|M>i-ator  alK»ut  on  a  levol  with  his  car.    These 

B  w<irkiNl  hy  a  relay  sending  cnrrentM  through  one  or  the  other,  aerord- 

S  tit  Die  signals  rtH)aire«l.    Two  keys  are  iiw^'d  for  s4-ndiiig,  one  for  the 

III  b»IHl,or|)osilive  current^  the  otJierfor  the  left^or  negative  euireiit. 

I- i«,  of  iwirw',  nued.    Tliero  is  no  differeneo  in  the  dni-ation  of 

r  hIkiimI,  and   in  Lhi8  is  the  stv^ing  of   time,  eoinpariH]  with  the 

milcni  (the  Morse)  nwd  here,  (in  the  United  Stales,)  when^',  in  employ- 

If  iliita  and  iLishes,  the  latter  (]  take  it)  n-ipiin>  thif  e  times  the  dura- 

af  a  ilot.     In  the  other  tlie  «igtinls  iin-  ail  tlotift,  but  a  Morse  opera 

'  it   by  eiinsidering  one  key  as  a  dot,  the  other  as  a  dash, 

luHiding  dots  on   both.     It  is  the  i)ni<'kest  instrument  of  a  non 

wluiuh-fll  kind." 

!  On  (Ills  it  may  Ite  remnrkeil  that,  theoretie'tlly  at  least,  this  niodiflca- 

B  oT  Sir  Charles  Urighl's  is  the  perfeition  of  (he  sounder.    In  view, 

WeTt-r,  of  the  Mktll  and  ability  diNphiyed  by  the  AmeHeiin  oju'i-ntors 

fLTDSolto  in  MiK-edy  tranKmission  with  the  Morsi' sotmder,  it  Is  dlffi- 

e  Uiat,  prJM'tically,  any  iiuproveineiit  of  it  eonid  !«■  nmde. 

e  \a  theon-tically  an  e<-onomy  of  time  in  Hir  CJiiirk's  Bright's 

titm,  it  may  prove  to  lie  pnu-tieally  as  well   iis  theoretic 


JtORSn's  OKOAS  PIPK  ROITCUKK. 

I  On*  of  tUe  luodiltealions  i>y  Morse  himself,  exiM-rimeiitvd  i 
D  M  9»T]y  as  IHIS,  gives  tke  sound  of  eaeh  letter  of  the  MonHi  j 
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more  accurately  than  any  yet  devised ;  and  although  not  practically 
lulopted,  because  of  the  greater  advantages  of  the  written  mode  in  sim- 
plicity of  apparatus,  is  yet,  perhaps,  worthy  (at  a  time  when  the  acoustic 
method  is  received  with  favor)  to  be  revised  and  made  practical,  at  least 
so  far  as  to  satisfy  curiosity.  The  method  devised  by  him  was  by  an 
organ  pipe  so  connected  with  a  small  bellows  as  to  be  opened  and  closed 
by  the  pen-lever,  in  the  act  of  writing  a  dot  or  a  dash.  It  is  at  once 
obAious  that  in  indicating  a  dot,  the  pipe  would  give  a  short,  sharp 
sound,  but  in  indicating  a  dash  the  soimd  would  be  correspondingly  pro- 
longed. The  short  and  long  intervals,  therefore,  by  wliich  the  dot  and 
the  dash  are  now  distinguished,  in  the  ordinary  acoustic  instruments,  are, 
by  this  method,  more  completely  expressed,  reducing  the  code  to  musical 
expresHiortj  to  crotchets,  and  semibreves.  The  disadvantage  which  sug- 
gets  itself  is  the  necessity  of  a  bellows  apparatus  for  a  constant  supply 
of  air  to  the  pipe,  adding  materially  to  the  complication  of  the  machin- 
ery ;  and  it  has  also  the  inconvenience  just  alluded  to,  by  its  loudness, 
(which  indeed  might  easily  be  moderated,)  of  confusing  the  ear  where 
many  instruments  are  within  hearing  of  each  other. 

SIGNAL  SEMAPHORES. 

NIGHT  SIGNALS,  BT  TffAT>AKrR  MARTHA  J.  GOSTON. 

This  is  a  very  ingenious  and  effective  semaphore,  which  commends 
itself  from  its  simplicity.  Three  lights  of  different  colors,  white,  red, 
and  green,  are  so  flashed  or  bunied  in  combinations  representing  the 
numerals  1,  2,  3,  4,  5,  6,  7,  8,  9,  0,  and  also  two  letters  A  and  P — in  all 
twelve  combinations.  The  light  is  produced  by  the  combustion  of  a 
peculiar  pjTotechnic  composition  for  each  of  the  desired  colors. 

A  handle  or  holder  is  all  that  is  necessary,  ordinarily,  to  hold  the 
selected  color : 

A  flash  of  white  indicates  the  numeral 1 

A  flash  of  white  followed  by  red 2 

A  flash  of  white  followed  by  green 3 

A  flash  of  red 4 

A  flash  of  red  followed  by  white 5 

A  flash  of  red  followed  by  given 6 

A  flash  of  gi(»cn 7 

A  flash  of  green  followed  by  white 8 

A  flash  of  green  followed  by  red 9 

A  flash  of  white,  red,  and  green 0 

A  flash  of  white,  red,  and  white P 

A  flash  of  n»d,  white,  and  red A 

When  a  conununicatiou  is  to  be  made,  the  white,  red,  and  white  are 
quickly  and  successively  flashed,  indicating  the  letter  P,  (prepare,)  and 
when  answered  by  red,  white,  and  red,  indicating  the  letter  A;  the  cor- 
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ivuccs  I)j-  fliiNhing  tin-  ii'si>ertivc  colors  of  tlio  iuuiiIk-ih 

t  EsTporioMce  lias  (It-inoiistrattil  tlie  ustrfiiliicsa  ttf  tin-   "  C<wl«ii  fir« 
irndK."  anil  Ihi>j  liavt-  jiii^Hed  tin-  jti-ai-tkal  tt'st  with  »uwe«».    Tlicy 
|»vp  bw-n  appmvwl  iiml  nicoiiimonrtdil,  not  only  l>y  our  own  at't^tn- 
btuMl  ixaviil  (ifIii'iTH,)indiiiiriimriTi<'il<'|iiii'riiieiil,t)iit  also  l\v  tin-  Ki-pim-Ii 
irf  ITr'  iitiu-itif,  jiiid  ttistiiiunisluMl  Fntiidi  ofllcei-s.    TUoy  ll!lV(■ 
CKll  (leflDitively  iutrtidac-L'iliiito  uur  uwti  isi-iA'ii^c,  Hiitl  aW  into  lltal 


f  The  iirconinlUhfHl  Invciitflr  liaa  more  rcrnntly  improved  bcr  syirtod 
t>  vme  of  wlint  .4liv  onlln  imrnclint^  riH-ket'H  diwliargeil  (Voiii  a  piatd 
n;  but  on  ttit^  tuuno  priticipU-  of  oo1oi-(h1  liglit». 

AUSTHIAX  FIELD  SIGNAL  APPARATUS. 

>  eemaptmric  uppiirutiis  Xo.  52,  "  Austriuu  tiold  H[»panitti9," 
atrnplf  of  the  adaptability  of  tho  Morse  codt?  not  nit-r^-ly  to  tlm  | 
spU,  bwt  to  almost  I'Vfiy  kind  of  twmaphoro,  whuthcr  tlicy  lie  sigg 
r  Ilii-oiitrli  the  Atlantic  oable,  or  by  llagH  in  tlic  muriiict. 
i  wwHphitrt'-"  liJiM-  fid<i|iti'il  liiia  convenient  code,  by  moiuc  mot 
I  iiT  it  on  tin;  minii-  principlfH. 
hut  fifld  ap[Hinitiia  eousistn  of  a  \w\e  eonie  fifteen  fw>t  In  lieight,  liav- 
;  at  tiA  top  thri'e  diskt  of  ttiiti  tiiet^tl,  ojicli  tiiniin;;  upon  a  lioriitontal 
»  witliin  It  cin'ular  fnime,  so  as  to  iirenent,  at  will,  iti^  full  orb,  orlJ 
a  diameter.  Thew?  three  disks  are  thus  aiyajiged  ^-.  The  t 
k  roiH^-seuts,  when  Miown  singly,  the  dot  of  the  Morse  codo ;  tbe^ 
r  diJ«kM,  sUowii  t't^^tlier,  r^'preseiit  the  dash  or  line  of  tlie  Motsb 
Till'  mode  of  its  aetion  may  be  illnBtrnteil  by  dew^ribing  tbf  pro- 
D  convi-yiiiK  to  a  ibtfenMit  station  the  wonl^re.    This  word  in  the 

e  (wde  would  be  thu.^  written,  [ -.]    The  disks 

r  iioriniil  utatf  are  supposed  to  jirest-nt  to  the  spectator  their  thin 
V  and  so  art-  invisible  ut  a  distance.    The  first  movement,  therefore, 
rojing  to  a  dii«tance  tho  word  fire,  is  to  darken  the  apju'r  disk,  by 
ling  it  HO  ua  to  show  its  flill  orb  thus,     ®  ;  when  this  is  reeosnized 
p  diMnnt  .stallon,  bj  a  similar  movement  there,  the  disk  n'Miinies  its 
J  ctindition,  having  indicated  a  dot.    This  movement  is  ri'iK-atM, 
ga  i«woud  dot,  and  then  the  two  lower  disks  are  darkened  g,^, 
;  a  line,  aftiir  which  the  iip(>erdi»k  is  once  more  darkemil,  add- 
H  another  dot  lo  com|ilele  the  lettiT  V,  It*  eompletion  bi-ing  iudfwitwl 
jit  station  by  the  darkening  of  all  the  disks  at  once.     lu  thbt 
e  leltem,  nnmei-als  or  signs  of  the  Morse  ctido  can  be  indi- 
J  vorfHspondi-uce  t«  any  extent  may  be  carried  on  seuiaphori- 
■Is  iJtuiilr  nrrjuigetimmt.    Tliis  mode  U  hIow,  but  other  dnnun> 
('fitronbltf,  fb  I«  effieieut. 
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western  continent. 

THE  MOESE  CODE. 

Without  occupying  time  in  discussing  the  etymology  of  the  word 
code,  (which  strictly  means  a  digest  or  collection  of  laws  reduced  to 
order,)  or  the  propriety  of  its  use  in  the  i)resent  connection,  it  is  found 
to  be  applied  in  the  various  reports  on  telegraj)hy,  and  it  is  therefore 
adopted  as  a  concise  term  to  designate  the  system  of  signs,  or  signals, 
employed  in  the  telegraphic  and  semaphoric  instrumentalities  of  the 
present  day. 

As  pertinent  directly  to  these  instrumentalities  the  codes  adopted 
and  proposed  come  to  be  treated  of. 

Given  the  first  idea  of  a  telegraph  in  its  strict  etymological  sense,  or 
the  ix^ssibility  of  writing  or  printing  at  a  distance,  the  most  natural  first 
thought  would  be  to  devise  some  mode  of  expressing,  by  writing  or 
printing,  at  a  distance,  the  letters  or  numerals  of  the  inventor's  native 
language. 

The  complication  of  machinery  required  for  this  purpose  was  then  the 
first  serious  difficulty  to  be  overcome.  To  express  numerals  by  dot*i 
seemed  to  be  the  simplest  mode  of  ob\iating  this  difficulty,  for  when  this 
simplicity  was  left  out  of  view,  the  complication  of  machinery  to  i)roduce 
the  ordinary-  letters  or  numerals  seemed  an  insurmountable  obstacle. 

Therefore,  in  considering  the  mechanical  means  at  command  for  pro- 
ducing at  a  distance  any  permanent  mark,  it  was  perceived  that  by 
means  of  the  eleetro-inagnet  the  motion  of  a  lever,  up  and  down,  could 
be  easily  and  surely  commanded ;  and  if  a  pencil  at  one  extremity  of  it 
were  made  to  strike  ujwu  a  piece  of  paper  a  dot  would  be  made  when- 
ever* the  magnet  was  charged  and  quickly  discharged.  This  action, 
however,  without  a  further  device,  would  be  unavailing  to  produce  vari- 
ety, since  the  lever  motion  is  limited  to  the  simple  movement  of  up  and 
down.  Hence  the  ide^  of  moving  the  pai>er  at  a  regular  rate  beneath 
the  i)enciL  Thus  a  dot  could  be  made  on  the  moving  ribbon  of  paper, 
which,  passing  onward,  the  paper  was  ready  to  receive  (after  au  interval 
more  or  less  extended)  another  dot  or  series  of  dots.    Thus  the  ability 
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•     ~     -    the  oliglna]  P. 

8 

* 

T 

— 

IT 

■        ■ 

— 

V 

— 

W 

— 

X 

—        .      . 

X 

...    theorigtuHltf 

Dumerai. 

Y/ 

• 

-      - 

Y 

—      -       —      _ 

Z 

»        • 

- 

Z 

^^^                         ^Mn                                          m 

A    • 

•             •             ■ 

1 

1 

1 

—                 •              ■ 

1 

'2 

•              ^^m                 ^ 

3 
4 

5 

0     • 

7 

>                • 

•                 ^»v                 • 

4 

•            •            •               ^-^                   ■*»■ 

»               • 

^mm                          » 

5 
6 

7 

>            •            • 
^^                  •            •           •            ■ 

8 
9 
0 

Fun  eauuioH 



*           •          *           ■ 

6 
U 

^^                      ^^                   ^^                              « 

PMlod 

B               * 

^m^                    ^aas 

• 

Period. 

Coauna 

• 

^■^                 <*                 ^Bi* 

« 
• 

^^m                 m                 ^^w                                     ^p^ 

Semicolon. 

Intwrroff.   T 

— 

.       .         —         . 

■ 

Comma. 

KKfil#fP,     ! 
Quota.    ••- 

— 

—          — 

1 

^amm                  >VHB                   «i^^                ■             ■            ■ 
# 

Colon. 
Intorrofattoa. 

• 

Paronth.  ( ) 

• 

_        .                 _ 

It  n 
1 

•                   WW*                                                          *^» 

QoouUon. 
Exclamation. 

• 

^M                      •                                      •                  •                     WM« 

Hyphen. 

• 

•                       «l^^                           ^MB                            ««^                           ^H^ 

Apostrophe. 

y 

—     —     —     —     —     — 

Sign  of  fraottoo 

(> 

Pnrentheaiii. 

•                                          MM*                           ^MM                      •                      .^^ 

Undenioorf. 
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to  produce  dots  in  gronps  at  pleasure  was  demonstrated,  and,  conse- 
quently, groups  of  dots  expressive  of  the  various  numerals  were  devised. 
In  pursuing  the  experiments  with  the  numerals  whose  elements  were  a 
simple  dot  and  space,  it  was  perceived  that,  by  means  of  the  moving 
pajwr,  not  merely  a  dot  could  be  produced  at  pleasure,  but  if  the  mag- 
net was  kei)t  charged  while  fjie  paper  was  in  movement,  the  pencil  pro- 
duceil  a  line  long  in  proportion  to  the  time  in  which  the  magnet  was 
ttharged.  This  fact  introduced  a  thinl  element  for  combination,  to  pro- 
duce variety  in  the  groui)S,  indicating  letters  as  well  as  numerals,  to  wit: 
the  line  or  dash,  so  that  dots,  spaces,  and  lines,  in  any  variety  of  combi- 
nation, were  at  command  for  forming  a  code  of  signs.  Hence  originated 
what  i^  now  universallj^  recognized  as  the  Morse  code. 

ORIGINAL  MORSE  CODE. 

To  enable  the  inquirer  to  understand  the  modifications  of  that  code 
which  has  l)ecome  the  universal  telegraphic  means  of  con*e8i>ondence, 
the  original  code  is  given,  (see  diagram)  together  with  the  slight  modern 
changes  which  exi)erience  has  suggested  as  improvements. 

THE  MODIFIED  MORSE  CODE. 

The  folloAvuig  is  the  modified  Morse  code,  adopted  throughout  the 
world,  as  used  in  France,  Belgium,  Holland,  Prussia,  Austria,  Italy, 
S]>ain,  Portugal,  Switzerland,  Eussia.  Sweden,  Denmark,  Norway,  Tur- 
key, Clreece,  Syria,  Persia,  Egyi)t,  India,  Africa,  Great  Britain,  and 
also  in  Australia,  and  in  other  countries: 

1.  Alphabet. 


Letter. 

A 

x 

B 
C 
D 

E 

F 
(} 
II 
I 


Sign. 


J 

K 

L 

M 

N 

O 

0 

p 

Q 
R 

S 


T 

U 

V 

V 

W 

X 

Y 

Z 

Ch 


Sign. 


Cipher. 

I 

9 
3 
4 
5 


2.  Ciphers. 

Sign. 


Cipher. 

sign. 

« 
7 
8 
9 

i        0 

■^^    ^^M    •    •    • 

^^m     «^v      ^^m     ^^m      * 
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3.  Punciuationy  die. 


Sign. 

# 

Sign. 

Foil  stop 

Semicolon                          ; 

Comma                              , 

Colon 

. — 

Sign  of  exclamation        ! 

Hyphen 

Apostrophe                     * 

Line  of  fraction              f 

k 

Sign  of  Interrogation         ? 
^Inverted  eommai          ' ' " 

Parenthesis                    ( ) 
*Sign  for  underscoring,  J^*»" 

* 

To  be  placed  before  and  after  the  respectiye  signs. 

4.  Official  signs. 

Sign. 

1 

Sign. 

Public  measage 

Offlcial  telegraph  message 

Private  message 

CaU  signal 

Understood 

1 

Interruption 
1    Conclusion 
1    Walt 
i    Receipt 

•    «^M    •     •     * 

The  leugtli  of  a  dot  being  taken  as  a  unit,  the  lengths  of  the  different 
signs  will  be  as  follows: 


A  dash 

The  space  between  the  signs  of  a  letter: 
The  space  between  the  signs  of  2  letter8= 
The  space  between  the  signs  of  2  words- 


3  dots- 
Idot 
3  dots. 
6  dots. 


On  examining  these  codes  with  their  modifications  it  will  be  seen  that 
there  are  six  letters  or  signs  in  the  original  Morse  code,  to  wit, 
C,  0,  K,  Yj  Z,  d'y  called  space  lettersj  because  they  are  distinguished  by 
spaces  in  the  body  of  the  letter.  These  letters  were  deAise<l  on  the 
basis  of  simplicity,  or  economy  of  space,  the  inventor  being  anxious 
that  no  letter  shouhl  exceed  the  extent  of  five  units  or  dots  in  length,' 
and  it  will  be  pereeive<l  that,  \iith  the  single  exception  of  the  letter  J, 
none  of  them  exceed  that  number. 

Another  principle  in  constructing  the  code  was  also  specially  ob- 
serA'ed,  the  frequency  of  occurrem^e  of  the  various  letters  in  the  lan- 
guage was  studicil,  and  for  this  puq>o8e  the  arrangt^ment  of  the  tj'pe 
boxes  in  the  cases  of  a  printing  office)  was  examined  in  order  to  ascer- 
tain  the  relative  frequency  of  the  letters  by  the  size  of  the  t^-pe  boxes. 
Those  found  to  be  most  used  were  E,  I,  T,  A,  N,  O,  S,  the  letter  E  being 
the  most  copious  of  all ;  then  followwl  the  letters  C,  D,  F,  H,  L,  M,  B, 
U.  These  letters  occurring  most  frequently  in  the  language  were,  there- 
fore, constructed  of  the  fewest  and  shortest  elements.  The  letter  E  is 
represented  by  a  single  dot  [-] ;  the  I  and  T  within  the  space  of  two 


Boraoito;  ami  su  uii,  utiiii^i  of  Mic  ^e^tt  [wltli  th(>  single  excen 

tioiu>d  sIhivl'  of  the  It-tter  J)  fxt-eediug  five  dots  or  luiit^.  

All  ll»e  utuiiprals,  tJje  more  readily  to  diHtingtiisli  them  I'nmi  llie  Irt- 

,  wen?  «K'h  comjiriscd  within  the  vahte  of  nix  dots  or  iinitJi. 

The  a-pswc  k-ltws  wojo  very  early  found  in  itnu^tleo  to  lmi«  thu  iiicoD- 

reuicuee  of  being  cotitoniided  with  other  letters.     For  example,  Mio  <.', 

-1  wa»  apt  to  bo  mistaken  for  I,  [-  -),  E,  [-],  or,  if  not  well  rendered, 

t  S,  I — ).  &v.    But  HfUT  the  iutroflnctiou  of  tJie  alphabet  int<»  prac- 

,  it  beeauio  next  to  iiaposBilile  to  make  tlie  desired  change, 

■hlHi  was  attempted  by  the  in\-e[itor,  oven  on  the  fintt  public;  line;  »a 

i  was  reluctantly  snflercd  to  exi«t.    Notwitlistamling  tho  defect  lias 

mjn  Ijeen  acknowledged  by  the  inventor,. and  tlic  subHtitutiuii  of 

kbirr  cfiiubinations  for  the  sjuiee  letters  often  proiHised,  yot  so  soon  n» 

L-  first  oiH'i-JitorB  had  acquired  the  praeticiil  use  of  the  original  c^e. 

c  cfaangt'  i*eemeil  hopeless. 

■  The  cnnHtni<.'tion  of  this  pode  originally  on  the  basis  of  simplicity  and 

nnaioy  of  spat^f,  resulting  in  economy  of  time,  fUmishes  au  example 

I  a  good  general  prinei|th-,  the  principle  of  simplicity,  carried  to  excess. 

^  Tbisdefetrt  in  the  eoile  tiiroiif-li   llio  ingenuity  of  Enropenu  savans, 

lio  have  given  it  rheir  Jittcntion,  has  beeu  rt^medied  in  conformity  with 

I  g«icml  principles  of  the  original  code,  bnt  it  still  re<piired  more 

I  ingcuitity  t«  i«'x>«mpli8b  the  remedy.    Governmental  power  was 

niiy   t^  eunmiand  the  chaDge,  and  thus  to  overcome  tlie  dtfll- 

blty  of  chtinge  «■  early  eiicouut«red  in  the  Uniteil  States  in  attempts 

^  impro^'G  the  origiual  code. 

I  The  nanedy  consists  in  tlie  substitution  of  other  combinations  of  the 
t  tMiil  long  line;*,  in  i>lac<>  of  the  si)ace  letters.  This  has  l»eeii  done, 
^  by  wnie  siK-rifiec  of  simplicity,  and  an  increase  of  the  aggregate 
t  of  nnjts  in  the  entire  cwle,  but  the  in<'onveniencB  of  the  space 
t  has  thus  lieen  comedietl,  and  tlie  mwlitlcatiou  is  a  substant 
■ptvvtfiueiit. 

L  Tke  Kulwtituted  groups  for  tlie  space  letters,  however,  were  but  Hk^ 
puber.     In  five  other  instances,  indeed,  the  eombiimtiou  of  dots  ■ 
s  ill  the  origitni)  cotie  representinga  particular  letter  is  cliangedtO 
iBother.    The  original  (J  [. .  — .]  now  repreacnts  F ;  Ihe  origi- 

1  X  (.  — . .)  reiireiaeats  L;  the  original  numeral  I  [. .]  represents 

bitliporiginal  K|,— ,]  represents  U;  and  the  original  nnmend 'J  [ —  . — ] 
tents  X.  These  Utti-r  changes  appear  to  l)e  arhinary,  and  no 
ovement.  On  the  wmlraiy  the  chiinge  tidils  a  unit  in  extent  M' 
I  of  four  of  the  h>Hers,  while  the  flilh  aiouc  (the  H)  remains .| 
B  in  h-uglli  as  before. 
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The  orifpnal  F  ia 4  units. 

The  original  L  i« 4  units. 

The  oi-iginal  P  is 5  units. 

The  original  R  is 4  units. 

The  original  X  is 5  units. 

22  units. 


The  new  F  is 5  units. 

The  new  L  is 5  units. 

The  new  P  is 6  units. 

Tne  new  R  is 4  units. 

The  new  X  is .  . .  6  units. 

26  units. 


It  will  be  noticed  that  the  established  Eiupopean  Morse  code  contains 
five  additional  signs  constructed  on  the  same  general  principles,  to  repre- 
sent peculiar  accented  letters  not  in  the  English  alphabet,  but  necessary 
in  the  alphal>et8  of  the  continent;  those  are : 


A 

l- 

^^^  ■  1 

— ] 

6  units. 

15 

■J 

6  units. 

0 

f- 

-■1 

7  units. 

tr 

[• 

-1 

G  units. 

CI] 

n- 

— 

• 

8  units. 

Each  of  the  numerals  in  the  original  Morse  code  is  of  the  value  of  six 
units.  The  ten  characters,  therefore,  for  numerals  amount,  in  aggregate 
value,  to  sixty  units,  while  the  aggregate  value  of  the  new  signs  for  nume- 
rals is  seventy-five  unit^.  Notwithstanding  this  addition,  there  is  a  sub- 
stantial improvement  in  the  construction  of  the  new  signs  for  numerals. 
Although  the  first  four  numerals,  1,  2,  3,  4,  of  the  original  code  were  as 
readily  recognized  as  in  the  new  arrangement  by  the  number  of  dots 
commencing  the  sign,  yet  the  last  six  numerals  were  not  so  ingeniously 
arranged  for  recognition  as  in  the  new  arrangement,  which  is  perfect 
Tlie  first  five  numerals  are  readily  recognized  by  the  number  of  dots, 
while  the  last  five,  by  counting  each  line  of  the  sign  as  two,  and  adding 
the  numl>er  of  dots  which  end  the  sign,  the  cypher  intended  is  uner- 
ringly given. 

As  a  rule,  it  is  not  well  hastily  to  insist  on  changes  in  the  established 
co<le,  to  the  disturbance  and  discomfort  of  so  large  and  skillful  a  body  as 
are  the  tel(»graph  oi>erat<)rs,  for  by  every  change  they  are  compelled  not 
merely  to  le^im  a  new  sign,  but  tofarget  an  old  one;  and  it  is  a  question 
for  internationjil  settlement  whether  it  is  not  l)etter  to  suffer  a  little  incon- 
venionc^e  from  an  acknowleded  imperfection  than  to  attempt  a  remedy 
which  must  necessarily  give  annoyance  to  thousands. 


IMPROVEMENT  OF  PUNCTUATION  AND  OFFICIAL  SIGNS. 

This  remark  is  not  intended  to  deter  from  the  attempt  to  improve  the 
defec*tive  punctimtion  signs  and  official  signs  which  appear  cumbersome 
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aad  wastefiil  of  space,  and  therefore  of  time.    The  inventor  suggests 
the  following  substitute  for  these  signs : 

Proposed  punctuation  signs. 


• 

Letten. 

• 

B 

S 

o 

• 

c 

2 

No.  of  unitii  tn 
adopted  code. 

lifted 

• 

E     • 

1 

6 

Sf  luwolon 

• 
f 

S      -  •  • 

3 

9 

Coioa 

• 
• 

88 

7 

9 

Cmamm 

» 

M 

4 

9 

latetTogation 

f 

T     — 

3 

8 

QvntatioD 

.... 

u    -  .  — 

4 

8 

ExdanMtkm 

I 

X     —  .  -  — 

6 

10 

Hjpbra 

. 

N     -  - 

3 

8 

Apo«tropbe 

. 

A      -  — 

3 

10 

Sfpi  of  frmctiun 

\ 

R     -  — '. 

4 

IS 

Paraatbevli 

() 

LL   -  .       -  . 

5 

10 

Uadeneorv.  or  Italics 

I 

S 

9 

44 

106 

This  projiosecl  improvement  condenses  this  part  of  the  code  by  reduc- 
ing the  aggregate  value  of  the  eleven  punctuation  signs  to  forty-four 
units  of  space;  the  original  punctuation  signs,  only  six  in  number,  being 
of  the  aggregate  value  of  forty-seven  units  of  space,  and  the  punctua- 
tioD  signs  of  the  pn^sent  adopted  code  being  of  the  aggregate  value  of 
one  hundred  and  eight  units  of  space. 

In  this  proposed  change  in  the  punctuation  signs,  two  of  the  official 
figns  are  approi)riated 'which  can  be  transferred  to  the  punctuation  signs, 
and  their  places  supi>lied  in  the  oflRcial  signs  by  other  letters,  to  wit : 
The  S  [. . .]  now  lused  to  signify  "  Public  message,^  and  proposed  by  the 
inventor  to  l>e  transferred  to  signify  "  semicolon,"  may  be  supplied  by  I 
[. .],  K  [ — .  — J ;  and  the  A  [.  — ]  now  used  to  signify  ^'  Official  telegraph 
message,^  and  proi)osed  by  the  inventor  to  l)e  transferred  to  signify 
**  apo8troi)he,''  may  be  supplied  by  F  [. .  —  •].  Tliis  adds,  indeed,  seven 
anits  of  si>ace  to  the  aggregate  length  of  the  siun  of  official  signs,  but 

the  •*  call  signal  ^  might  easily  be  reduc^ed  to  C  [ ],  which  at  once 

sabtractxS  five  units  from  the  seven,  and  "  conclusion"  might  l)e  rei)re- 
sented  by  D  [ — . .],  which  subtracts  six  units  more;  and  "rec^eipf  woiUd 

bear  reiluction  to  R  T  f ],  which  subtracts  five  units  more  from  the 

aggregate,  re^sulting  in  an  aggregate  gain  of  nine  units. 

The  comparison  l>etween  the  present  and  the  i)roposed  "  official  signs'- 
gives  the  following  result. 

The  present  official  signs  contain  in  the  aggregate  sixty-six  units  of 
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The  proposed  official  signs  contain  in  the  aggregate  fifty-seven  units 
of  space,  thus : 

Official  siffns. 

Uiiit« 
of  Spa(x^ 

Public  message      -        —     •  —         8 

Official  message  •  •    —  5 

Private  report    •   —    —     •  *. 6 

Call  signal  —    •   —  (> 

Understood         •    •    -    —    •  6 

Interruption 0 

Conclusion  —    .   •  4 

Wait  — 6 

Eeceipt  •   —    ■  —  7 

Since  the  Morse  code  as  modified  prevails  throughout  the  ea^stem  con- 
tinent, it  is  very  desirable  that  in  the  United  States — and,  indeed, 
throughout  the  whole  western  continent — also,  the  slight  changes 
adopted  and  proposed  should  be  practically  carried  out  by  the  telegraph 
companies,  thus  producing  a  uniformity  in  one  great  element  of  inter- 
national intercourse,  the  telegraphic^  alphabet  of  language^  and  furnishing 
one  realized  example  of  that  uniformity  which  so  many  of  the  master 
minds  of  the  world  at  this  day  aspire  to  create  in  other  world-wide  inter- 
ests. 

For  some  further  remarks  on  the  principles  of  the  code,  see  the  arti- 
cle in  this  report  on  the  acoustic  character  of  the  code,  in  treating  of 
semaphores  and  the  sounder. 


CHAPTER    IV. 
BATTERIES,  CONDUCTORS  .AND  INSULATORS. 

Failure  of  all  attempts  to   employ  friction al  electkicity  for  commuxicat- 
ixg  at  a  distanxe — use    of  various  forms  of  batteries  for    <jenerating 

DYNAMIC  ELECTRICITY — USE  OF  MAGNETO  ELECTRICITY — FaRMER'S  THERMO-ELEC- 
TRIC BATTERY — LeCLANCII6*S  BATTERY — ThE  MA(5NET0-ELECTRIC  BATTERY  OF  8. 
Hj<»RTn,    OP    COPENHAGEN — LaDD'S    I>YNAM0-ELECTRIC    APPARATUS — LETTER    FROM 

Dr.  Werner  Siemens — Observations  ipon  the  conversion  of  mechanical 
rfffxrr  into   electric   curren-ts  witiioit  the  employment"  of   permanent 

MAGN1ST8,  BY  DR.  WeRNER  SIEMENS— SlLPlIATE  OF  MAGNESIA  BATTERY — SUBMA- 
RINE TELEGRAPH  C.VBLF.S — FaRMER'S  CO.MPOUND  TELEGRAPH  WIRE — THE  MORSE 
BATHOMETER — PR01»OSED  NEW  MODE  OF  LAYING  AND  R.\ISIN<}  SUBMARINE  TELH- 
GR.iPH   CABLES — INSULATORS    AND    INSULATION — BroOKS's    PAR.\FF1NE    INSULATOR — 

Insulation  tfj«t  of  the  Brooks  and  other  insui^vtors — Day's  kerite  insula- 
tor— Memoir  by  Professor  Silliman  upon  insulation  and  protection  of 
electrical  conductors — Action  of  ozone  uihjn  telegraphic  insui^vtion — 
Lettfj&s  upon  the  value  of  keiute  as  an  insui^tor. 

BATTEEIES  OR  GENERATOKS  OF  ELECTRICITY. 

Static  or  frictioiial  electricity  h«as  long  since  been  discarded  as  an 
agent  in  the  electrical  instnuuentalities  forcoinnumicatingat  a  dist4Uice. 
All  attempts  hitheito  to  make  it  practicable  have  tailed,  and  all  the 
devices  for  that  piui)osc*,  however  ingenious,  as  most  of  them  were,  must 
be  consigneil  to  the  category  of  failures.    The  principal  form  of  electri- 
city, wliich  has  been  efiwtive,  either  in  the  semaphon*  or  in  the  telegraph, 
is  dynamic*  electricity,  usually  generated  by  the  chemical  action  of  acids 
upon  metals,  or  the  decomposition  of  metallic  Sidts.    The  esirliest  form  of 
Voltaic  battery,  even  the  fli^t  cohunn  of  Volta,  is  available  to  proiUu*e  the 
actual  n\sidt  recpured  either  of  showing  a  signal,  as  in  the  semaphore,  or 
making  a  rei-onl,  as  in  the  telegraph.     The  c^arliest  form  employed  by 
Morse  in  18;55,  and  ^vith  suc<'ess  so  far  as  to  show  the  practicability  of 
n-conling,  was  the  well-known  Cruikshanks  battery,     Sin<*e  this  early 
]ieri<Ml  many  nHKlili<»ations  and  substantial  iniprovenu^nts  in  the  battery 
have  \}eon  made,  and  the  constant  batteries  Of  Daniel,  of  (Jrove,  and  of 
Suiee,  in  Enghin<l,  and  others  on  the  Eui-opean  continent,  hav<»  given 
greater  facility  in  operating  the  instruments  both  of  the  telegraph  and 
i^ruiaphoi-e.     Hut   the  intriMluction  of  magneto-electrii'ity,  one  of  the 
grand  n^sults  of  the  generic  disi'overy  of  Oersted,  ami  of   the  more 
retvnt  discoveries  of  Famday,  have  furnishe<l  the  means  of  constnicting 
a  new  genenitor  of  electricity,  which  takes  its  i)la<*e  interinediat<»ly  l>e- 
tw«H^n  the  fricti<malandthe  Voltaic,  having  less  quantity  than  the  Voltaic 
aud  Icsrt  uncontrolable  intensity  than   the  frictional  instnunents.    The 
Voltaic,  however,  ha8  the  quality  of  giving  more  readily  a  continuous 
aurcnt,  and  is  therefore  better  adapted  to  recording  in  all  the  matm- 
nentti  using  the  Morse  code. 
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fabmbb's  thebmo-electbic  battbby. 

TUe  batteries  exhibited  have  little  of  originoUty.    With  one  or  two 
excei>tion8,  they  geuerally  show  uniiuirai-taut  modifications  of  those  long 
known. 
The  thermo-electric  battery  of  Fanner,  of  Boston,  (No.  74,)  is  one  of 
novel  constraction,  and  deserving  of 
^'^'  ^^'  special  notice. 

^  "     "  The  engraving  (Fig.  15)  represents 

this  battery.    It  consistA  of  three  rings 
of  nine  i>iiirs  each.    A  common  rubber 
tube  conveys  ordinarj'  street  gas  to 
a  gas  hunier  or  gas  stove  nnder  the 
center  of  tlie  batterj-.     A  deflector 
is  placed  at  the  top  to  keep  the  lieat 
down  in  tlie  center.    All  tliat  is  re- 
qnired  to  put  the  battery  in  operation 
^  is  to  tnni  on  the  gas  and  light  at  the 
bimier.  Tlie  batterj-  acqnires  its  maxi- 
'"*  nmni  aethity  ill  a  few  moments,  when 
Funiier'B  Tlipmio-elMtrio  Battery,      it  works  coiitiliiiously  and  constantly 
as  long  as  it  rei^eives  heat. 
Tliese  batteries  are  made  of  various  sizes,  weighing  from  a  few  imunds 
to  half  a  t4in.    One  of  this  larger  class  is  now  in  oiieratioii,  and  is  capa- 
ble of  <lei>ositiiig  about  one  iioitnd  of  (M)]ii)er  per  hour,  at  an  exiiense  of 
five  or  Hix  itoiiiiiLs  of  coal  in  the  same  tiaie. 

The  smaller  batteries  arc  more  conveniently  oi»erat(Hl  by  gas  or  lamp. 
Tliese  latter  are  very  conveiiietit  for  medical  use  or  tor  telegraph  lo«;al 
Initteries.  Tlie  wmiewhat  larger  battery  gives  all  the  eflects  of  a  series 
uf  cells,  (of  the  acid  liatteries  ui  eommon  list-.) 

These  batt^-ries  are  admintbly  suited  to  the  wants  of  the  exact  experi- 
menter, and  render  the  most  useful  assistanct>  in  tlieir  investigations 
wheiv  an  absolutely  <-onstiint  <^niTent  is  re(|uiretl,  being  capable  of  work- 
ing for  an  indelliiite  jH'riod  without  ii  i>ereeptible  variation  in  the  strength 
of  current  which  Ihey  tidiver.  Their  utilityis  very  apparent  totheelec- 
trotyjH'r  who  desin-s  a  unifona  (-niTent,  and  to  the  elect ni-gilder  and 
silver-phiter  they  arc  c.ti»ecially  coainieitdetl,  iMH-ause  they  retpiire  no 
acids,  iiien'ury,  or  li<|uids  of  any  kind  in  their  ojH'mtion. 

The  saving  wlii<'li  they  etl'tM-t  in  time,  attention,  waste,  their  cleanliness, 
the  ivudiness  with  which  they  can  Is-pnt  into  o[ienu inn,  the  saiall  exiiense 
ol  working  thein,  and  their  dunibility,  eoiumend  them  to  all. 

Where  itii  estnblishiiieiit  is  doing  sufltcierit  work  to  require  the  use  of 
one  of  such  siae  as  can  l>e  opciiited  by  coal  as  ti  ftiel,  the  eeonomieal  pro- 
duction of  electrii'ily  by  their  nst>  is  very  oitvious.  live  or  six  poanda  of 
coal  being  caimbluof  evolving  lis  niueh  eltH^trieity  as  one  and  a  half 
iwund  of  zhic,  Ave  or  six  ponniU  of  anlidiiuio  neid,  and  one  oonoe  of 
mereury. 
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■  Tln'se  Iwitteries,  like  any  series  of  cells,  eaii  Ik»  coupled  to  suit  the  work 
they  have  to  jwrfonu.  As  compannl  with  the  a<*i(l  batteries,  thest*  bat- 
lerieH  have  lR*eu  worked  with  Boston  gsia  as  follows :  ten  pairs  e(|ual  to 
OIK*  8inee  cell  in  power ;  twenty-four  pairs  equal  to  one  Daniels  cell  in 
Iiower ;  forty-four  pairs  e(iual  to  one  Gixne cell  in  power.  Hut  in  calcu- 
lating for  a  battery  to  i»erforni  w^ork  for  an  indefinite  ])eriod,  an  addition 
of  M  iH^T  cent.  n]K)n  the  above  list  is  reconi mended,  as  the  heatinijc  power 
of  giis  difTei-s  very  materially  in  dift'erent  i)laces.  Naphtha  has  been  used 
with  i^erfwt  success,  and  found  very  economu*al. 

Tlie  principal  objects  kept  in  view  in  this  invention  are,  lii*st,  to  make 
a  1iatter>'of  suftlcient  power  to  Ih')  available  for  industrial  uses  ;  second, 
that  it  should  be  reasonably  durable ;  third,  thift  it  should  be  convenient 
to  use ;  fourth,  that  it  should  not  W  too  costly. 

With  rejrard  to  the  first  object,  one  has  been  constnicteil  and  usetl 
which  has  deposited  12  i>ounds  of  copper,  from  a  sulphate  of  copp(»r  so- 
lution, in  twenty-foiu*  hours,  by  the  consumption  of  less  than  110  ]>ounds 
of  anthracite  coal.  Smaller  ones  have  been  constructed  that  are  most 
oonveuieutly  oiR*nited  by  a  ^as  flame,  and  which  wdl  evolve  30,000  feet-  *• 
lH>mids  of  electricity  by  the  consumption  of  one  pound  of  common  coal 
jras. 

These  latter  are  made  of  various  sizes,  and  capable  of  evolvin;;  from 
:!t}  to  300  fei*t-i)ounds  of  electricity  per  minute.  A  common  pint-cup 
CJrove  cell  will  evolve  ftO  fet*t-pounds  of  electricity  per  minute.  Tlie  cur- 
rent from  this  (pis-consuminj;)  thermo  battery  is  the  most  constant  and 
unifonn  of  any  that  I  have  ever  used,  and  is  admirably  adapted  to  the 
rwpiin»ments  of  exact  research. 

With  re;^ird  to  the  si^cond  head,  the  durability  of  the  thermo  battery 
depends  nuu*h  on  the  tempeniture  at  which  it  is  worked.  At  all  tem- 
fn*nitun*s  theiv  api>ears  to  be  a  gradual  increase  in  the  specific  resistance 
of  the  alloys  whi<*h  enter  into  its  composition,  but  the  more  slowly  the 
h»wer  the  temperatuiv  of  the  heated  junction.  One  of  about  1.10  feet 
]K>unds  iH*r  minute  power  has  Ihhmi  in  ni«^htly  use  for  nearly  a  year.  Its 
|M>wer  has  not  Ihhmi  rec<»ntly  measured,  but  it  is  still  in  w<nkin;;  order. 
Some  have  Immmi  in  almost  daily  us<»  by  physicians  for  nearly  tw<»  yejirs. 

Thinl.  The  gas-consumiuj^  batt<*ries  are  as  convenient  as  need  be,  re 
<|nirin^  oidy  to  l)e  attached  by  a  flexible  or  other  pipe  to  a  jjcas-burner. 
The  large  battery  fired  with  coal  needed  attention  every  three  or  lour 
hours. 

Fourth.  The  thermo  battery  is  much  nu»re  costly  than  an  acid  battery 
of  equivalent  i^ower,  in  the  first  instance ;  but  tin*  cost  of  daily  main- 
tenance is  less.  A  thermo  battery,  equivalent  in  power  to  four  or  five 
lfn»ve  cells,  costs  alH>ut  ninety  dollars. 

A  thermo  battery,  to  Im>  heated  by  waste  steam,  could  Im»  operated  at 
trifling  cost,  and  would  Ih»  v<»ry  durable,  but  tlu^  amount  r<»(|uired  to  do 
a  given  amount  of  work  with  only  lliOdegives  diffeR*nce  of  tem]»eratun» 
between  the  junctions,  might  be  of  inconvenient  size  and  first  cost. 
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In  this  battery  tlie  two  elements  used  are,  German  silver  for  the  nep^a- 
tive  pole,  and  an  alloy  of  zinc  and  antimony  for  the  positive  pole.  The 
proportions  of  the  zinc  and  antimony  used  arc,  about  ninety-six  i>arts  an- 
timony and  fifty- three  parts  zinc,  as  mixed  in  the  melting  pot.  The  pairs 
are  arranged  around  a  central  •A)urce  of  heat;  and  the  outer  junctions 
are  cooled  bv  radiation  and  connection. 

LECLANCHlS'S  BATTERY. 

This  battery  is  much  in  use  in  the  French  telegraph  axlministration. 
It  consists  of  a  prism  of  carbon  for  its  positive  pole,  which  is  surrounded 
by  a  mixture  of  peroxide  of  manganese  and  carbon  i>ulverized,  filling  the 
iwrous  jar.  This  jar  is  ^it  into  the  glass  jar  containing  a  solution  of 
sal  ammoniac ;  within  the  same  glass  jar  and  solution  is  a  prism  of  amal- 
gamated zinc,  forming  the  negative  pole.  Its  action  is  thus:  On  closing 
the  circuit,  the  sal  ammoniac  is  decomposed,  the  chlorine  of  the  solution 
is  absorbed  by  the  zinc,  the  negative  pole ;  while  the  hydrogen  and  the 
ammoniac  pass  to  the  positive  pole,  reducing  the  peroxide  of  manganese. 
According  to  the  inventor's  explanation,  "  the  peroxide  of  manganese 
mixed  with  carbon  being  a  good  conductor  of  electricity,  the  system  may 
be  considered  as  a  single  fluid  element,  in  which  the  positive  pole  is  formed 
of  an  artificial  metal  having  a  great  afltinity  for  hydrogen.'' 

^LiGNETO-ELECTRIC  BATTERY  OF  S.  HJORTH. 

This  invention  by  S.  Hjorth,  of  Copenhagen,  relates  to  improvements 
introduced  into  the  constniction  of  magneto-electric  batteries,  with  a  view 
to  obtaining  by  a  slow  motion  of  the  armatures  any  required  quantity  or 
intensity  of  electric  fluid. 

The  improved  battery  nmy  be  constructed  of  different  circles  of  bar 
magnets,  set  ])artly  around  and  partly  above  each  other,  with  corre- 
sponding intermediate  armjitures  mounted  on  wooden  or  other  suitable  , 
disks  on  a  central  shaft,  made  to  rotate  by  suitable  mechanism.' 

When  quantity  of  the  electric  fluid  is  required,  the  currents  are  col- 
UH'ted  by  rings,  and  from  thence  pass  by  conductors  to  a  commutator 
mounte<l  at  the  up])er  end  ot*  the  central  shaft.  ^V^len  intensity  is  desired, 
the  conductors  may  be  connected  in  one  length  according  to  circum- 
stances. 

The  armatures  are  provided  with  false  poles,  the  dimensions  of  which 
correspond  with  those  of  a  certain  number  of  magnets  of  similar  polar- 
ity ;  say  for  instance  eight  or  nine  bars.  The  changes  of  jwlarity  in  the 
armatures  at  each  revolution  will  consequently  be  equal  to  the  nuhiber 
of  these  armatures  nuiltiplied  by  the  respective  series  of  magnets  of 
similar  j)<)larity. 

The  power  develoi>ed  l)eing  in  ratio  with  the  number  of  changes  of 

*  Dniwiii^  ot*  thiH  apparutus,  subtnittcd  with  the  report,  an^  deposited  in  the  library' 
of  the  Depurtiueiit  of  State. — ^EDrrOB. 
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polarity  pitKlucetl  at  each  revolutiou,  an  ailvautago  may  be  obtained  by 
Che  applii?ati<>ii  of  equal  nuinbers  of  armatures  and  ma^iets.  This 
arrangement  is  coniiK>sed  of  three  disks,  each  provided  witli  ninety-six 
armatures,  eorres|>onding.  with  the  same  number  of  magnetic  bars,  so  that 
each  revolution  gives  rise  to  changes  of  ^polarity  equal  to 

96  X  96=9,216  x  3=27,648. 

The  armatures  are  coiled  with  wire  internally  and  externally.  The 
two  intermediate  circles  of  permanent  magnets  are  fixed  to  brass  rings. 

The  armature  wheel  or  disk  is  formed  of  hard  wood  or  other  suitable 
material,  and  is  ]n*ovided  with  two  rings,  composed  of  vertical  bars  over- 
lapping each  other,  in  which  the  armatures  are  geared. 

It  is  evident  that  the  concentric  series  of  magnets  and  armatures,  as 
also  the  pnmlM»r  of  these  elements,  may  be  increased  or  decreased 
according  to  the  effect  to  be  i)ro<luced.  In  all  cases,  the  armature  disks 
should  be  arranged  ''  step- ways,''  so  that  when  the  armatures  of  the  first 
series  have  completely  ])assed  between  the  magnets,  those  of  the  follow- 
ing aeries  reach  but  half  way,  and  those  of  the  third  series  only  com- 
mence to  be  drawn  in  between  the  magnets.  The  force  of  attraction 
being  thus  added  to  the  i)ower  applied  to  the  central  shaft,  the  motion 
of  the  latter  is  necessarily  facilitated  by  increase  in  the  power  of  the 
magnets. 

The  form,  dimensions^  and  general  details  of  construction  of  the  appa- 
ratus above  described  may  be  varied  according  to  its  intended  application. 

ladd's  dynamo-electric  apparatus. 

Tliis  appar.itus  is  not  in  the  catalogue,  but  was  exhibited  in  the  Eng- 
lish department. 
A  Fn*nch  journalist  thus  enthusiasticidly  speaks  of  it : 
*'  In  the  jmlgment  of  all  competent  persons,  the  most  astonishing 
object  in  the  galleries  of  the  Champ  de  Mars  is  the  machine  of  Mr. 
Ladd,  constructor  of  jihysical  instruments,  of  London,  exhibited  under 
the  name  of  Dynamo-Electric  Apparatus.  Very  extraordinary  in  its 
principle,  in  its  ctnistniction,  and  in  its  action,  it  is  composed  essentially 
of  two  i>lates  of  soft  iron  alxmt  two  feet  long,  one  foot  wide,  and  four 
inches  thick,  kept  at  a  distance  of  a  few  inches  from  each  other.  They 
are  both  of  them  attaclied  by  their  eiuls  to  two  kinds  of  cylindrical  sur- 
faces, also  of  S4)ft  in)n,  in  the  iHKsom  or  hollow  of  which  turn  two  anna- 
tures  of  Siemen'seylinders,  of  soft  iron,  gnmved  upon  their  two  fa(!es  and 
•■overe^l  according  to  their  length  by  insulated  cop])er  wire.  An  insu- 
lale<l  cop|M»r  wire  sufficiently  large  surrounds  also  the  two  plates  in  com- 
pactetl  spirals  in^rpendicular  to  tlnur  length,  and  going  from  one  plate  to 
the  other,  so  as  to  form  a  closed  circuit.  The  current  per^'ades  it  thmugh 
a  c«mimutator  designed  to  maintain  it  always  in  the  same  direction. 
TliewH'ond  armatui'e,  on  the  contrar>',  is  entirely  out  of  the  circuit  of 
the  first  armature  and  of  the  plates  of  sott  iron.  It  turns  simply  oppo- 
site the  second  i>ole8  of  the  plates,  and  becomes  the  seat  of  an  iuductii>*^ 
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current  always  in  the  same  direction,  which,  conducted  by  the  wires  sol- 
dered to  the  two  poles,  goes  to  produce  outside  the  effects  of  light,  of 
heat,  of  motion,  of  affinity,  or  of  chemical  decomposition,  as  may  be 
desired. 

"  It  is  perceived  that  in  itself  this  whole  mass  of  soft  iron,  of  copper 
wires,  without  steel,  without  magnets,  is  absolutely  inert.  How  can  life 
and  activity  be  given  to  it !  By  providing  it  with  a  small  quantity  of  mag- 
netism, by  priming  it  magnetically.  It  is  sufficient  for  this  strictly  to 
place  properly  the  plates  by  putting  them  in  the  magnetic  meridian,  so 
that  the  terrestrial  magnetism  may  communicate  to  it  a  slight  magnet- 
ism. But  it  is  better  to  make  to  pass  once,  and  once  for  all,  through  the 
wire  which  surrounds  the  plates,  the  current  from  a  Daniels's,  Smee's,  or 
Bunsen's  battery,  which,  after  having  made  them  temi)orarily  electro- 
magnets, leaves  them,  the  circuit  being  broken,  with  a  little  of  residual 
magnetism,  which  magnetism  for  the  future  (and  if  they  are  not  left  too 
long  to  themselves)  renders  them  always  ready  for  action,  or  to  create 
torrents  of  electricity  of  which  they  become  the  source.  We  have  thus 
I^assed  from  absolute  inertia  to  static  or  powerftU  acti\ity.  Motion 
completes  all  the  rest.  It  is  sufficient,  in  fact,  to  turn  at  the  same  time 
the  two  armatiuvs,  so  that  in  returning  constantly  upon  itself,  the  induc- 
tive curnnit  engendere<l  at  tirst  by  the  residual  niiignetism  incessantly 
incre4isi\s  the  polarity  or  the  iictivity  of  the  plates,  which  have  becomtJ 
powerful  electro-magneto,  and  so  that  the  second  armature  becomes  the 
lK)int  of  departure  of  «au  electric  current  of  quantity  and  intensity  pro- 
IK)rtional  to  tlie  nipidity  of  n)tation  of  the  armatures,  or  to  the  force 
exi>ended  by  the  oiH^rator.  With  the  machine  exliibiteil,  of  \rhich  we 
have  given  the  dimension  so  snmll,  the  exterior  current  is  equivalent  to 
that  of  twenty-tlve  or  thirty  Bunsen  elejuents. 

•*  It  supplies  a  Foueault  n^guhitor  of  medium  size,  and  maintains  at  a 
white  heat  a  phitinum  win^  of  more  than  a  yanl  in  length  and  half  a 
millimeter  in  diameter.  Here  then  is  the  immeiliate  transformation, 
ftx>m  the  only  condition,  a  small  quantity  of  residual  magnetism,  by 
means  of  meeliani(*al  motion,  tii'st  of  i>ower,  next  of  electrical  effects, 
then  luminous,  ealorifle,  and  ehemieaU  &c.  Nothing  in  fact  is  more  sim- 
ple, nn>rf»  elVe<»tive.  Nothing  also  is  more  grand,  mon»  unexinvted,  more 
mysterious.  Mr.  La<ld  has  borrt>we«l  from  Mr.  Wyhl  his  plates,  leav- 
ing out  the  nmgnetoeleetrieal  apparatus,  substituting  for  it  simply  the 
ri'sidual  magnetism  ami  adtling  a  stHMind  armature,  wliieh  is  the  new  ele- 
ment of  his  inviMition.  He  has  taken  tVi>m  Messrs.  Wheat  stone  and 
Siemens  their  n»turn  «»f  Iheennvnt  wynm  itsi^lf,  fori'ing  it  thus  to  increase 
itsi^lf,  constantly  multiplying  itself,  and  like  them  ivjeeting  theb;ittery, 
for  which  then*  is  no  ntMHSH^ily.** 

If  «)thei's  do  \n\i  go  quite  so  far  as  this  earnest  FrtMich  writer  in  desig- 
nating the  apparatus  of  Mr.  I«add  as  the  'Muost  astonishing  object^  in 
the  whole  KxiNmition,  they  will  et^rtainly  agnv  with  him  in  his  admira- 
tion of  the  effrcU  of  thin  iH^utlAil  iiistnimoiit^  ami  in  his  de8igiiation  of 
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them  as  ^  grand,  niiexi>ecte(l,  and  mysterious."  Mr.  Ladd  is  stated  to 
have  borrowed  from  Messrs.  Whoatstone  and  Siemens  their  method  of 
causing  the  current  to  return  u]>on  itself. 

An  account  is  given  of  this  discovery  from  the  pen  of  tlie  diseoverer, 
the  eminent  Dr.  Werner  Siemens,  of  Berlin,  who  seems  to  liave  observed 
this  effect  and  utilized  it,  apparently  concurrently  with  Professor  Wheat- 
stone,  but  in  reality  a  little  before  him,  as  will  be  seen  by  the  following 
letter  addressetl  to  Professor  Morse : 

"  Berlin,  December  :M),  18G7^ 

"  Herewith  I  send  you  the  translation  of  my  eommunieation  to  the 
Academy  of  Sciences  in  Berlin.  I  have  had  it  done  in  London,  for  we 
are  very  weak  in  F]nglish  here.  As  you  si^e  by  the  date  of  the  commu- 
nication, the  publication  t(M>k  place  about  one  and  a  halt'  mouth  sooner 
than  my  brother's  and  Mr.  Wheatstone's  speech  in  I^mdoii.  Already,  in 
Xovemberof  last  year,  my  first  machine  was  in  working  and  made  known 
to  the  «cientitic  men  hei-e.  Wheatstone  added  something  new  to  it. 
Ladd  has  the  merit  of  having  shown  a  larger  machine  than  that  in  o]>era- 
tion  in  Paris.  I  had  not  enough  machine  iM)wer  in  the  Prussian  depart- 
ment, and  on  that  aci^mnt  did  not  take  a  very  large  machine  with  two  cyl- 
inders, like  La<hrs.  If  you  should  visit  Berlin  on  your  return  Journey, 
(whicbIhoi>e,)  I  can  show  you  this  machine,  which  gives  a  brilliant  electric 
light  and  produces  ten  cubic  centimeters  of  oxygen  and  hydrogen  gas 
per  second.  I  couhl  also  show  you  other  interesting  apparatus.  A  new 
niechanical  tachygi-apher  for  Morse  writing,  and  an  electric  distance^ 
measurer.  This  would  be  esi>e<nally  useful  to  steamships,  as  with  them 
we  can  measure  the  exact  distauice  of  steamers,  light-houses,  coasts,  &c., 
while  in  motion."^ 

^*0N  THE  C0N^T-:KSI0N  .of  mechanical  effect  into  ELECTKIC  CUR- 
SENT   WITHOUT   THE   EMPLOYMENT  OF  PERMANENT  MAGNETS. — When 

two  pjindlel  wiit»s  forming  part  of  the  circuit  of  a  galvanic  battery  ai-e 
appnmche<l  to  or  separated  from  each  other,  a  diminution  or  augmenta- 
tion of  the  strength  of  current  in  the  whole  circuit  is  observed,  accord- 
ing as  the  movement  is  in  the  direct  or  the  inverse  dire<'tion  of  the 
foix-es  which  the  currents  in  two  wires  exeix'ise  recipnurally  upon  each 
other. 

*'  Tlie  ssime  plienomenon  is  observable  still  more  nMuarkably  when  the 
poles  of  two  electro-magnets,  whose  wires  form  parts  of  the  same  galvanic 
ctn-uit,  are  made  to  ai)proach  or  rece<le  from  each  other.  I  f  the  direction 
of  the  current  in  one  of  the  wires  is  changed  at  the  nuwnent  of  their 
greatest  or  least  distance,  as  is  the  casc»  in  all  electro-<lynami(;  rotating 
apparatus,  a  lasting  diminution  of  the  cuiTcnt  (M^curs  as  s(N»n  as  the 
aplKinitus  is  put  into  motion.  This  dinunution  of  the  current  of  the  bat- 
ten* by  oi>iK>site  indu<*tion  current  it  is  which  remh»rs  it  impossi])le  to 
employ  galvanic  electricity  successfully  as  a  motive  for  the  prtHhu'tionof 
mechanical  eflW;ts.  Su])pose  such  a  machine  to  l>e  turned  backward  by 
Mime  foreign  force,  it  is  evident  that  these  induction  cunxints  mv 
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theiiiHolvea  to  that  of  the  battery,  which  they  proportionally  strengthen; 
and  since  an  iucreaHC  of  this  circuit  current  is  necessarily  followed  by 
an  iiicreu.se  of  magnetism  in  the  soft-iron  cores,  and  then  again  by  a 

• 

further  (^oiTesponding  increase  of  cuiTcnts,  and  so  on,  the  accumulation 
very  soon  reaches  a  point  at  which  the  galvauic  battery  may  be  removed 
fh)m  the  circuit  without  occiisioning  any  perceptible  diminution  in  the 
resulting  c>urreut.  The  moment  tlie  rotation  is  inteiTupted,  however, 
the  current  cc^ases  and  the  magnetism  vanishes.  Sufficient  magnetism 
renmins,  nevertheless,  in  the  iron  to  cause  the  process  of  accumulation  to 
recommence  from  the  moment  that  the  station  is  renewed.  It  is  only 
ne(?(»ssjiry,  tlu»n»fore,  to  magnetize  the  iron  once  by  a  galvanic  current 
of  short  duration  in  order  to  render  it  forever  afterwards  capable  of  being 
recalled  into  action  by  simple  rotation, 

''  Tlu»  direction  of  the  current  depends  upon  the  polarization  of  the 
residuary  magnetism ;  and  it  can  only  be  changed  when,  by  means  of  a 
galvanic*  cunvnt,  the  n^siduary  magnetism  of  the  iron  is  changed. 

"  The  (»tfects  here  described  take  place  also  with  every  electro-mag- 
netic nuu'hine  .whose  movements  depend  upon  the  attraetion  and  repul- 
sion of  electro-magnets  whose  wires  form  a  single  circuit.  Neverthe- 
less, inonh»r  to  ]»n>vide  apparatus  especially  for  showing  i)owerfully  the 
pheiKMiieiiaof  the  <lynamo  element,  a  particular  construction  is  found  to 
give  the  lH»st  n»sults.  The  wire  of  the  stationary  electro  magnet  must 
have  a  sunicient  magnetic  inertia,  so  that  the  strength  of  the  attained  mag- 
netism d(H\s  not  diminish  during  the  revershig  of  the  current  in  the  wire 
of  the  rotating  ainuatuiv.  It  is  also  essential  that  the  armature  should 
Ih»  so  constructed  that  during  its  n>tation  the  opjwsite  i>olar  faces  of  the 
eUH*tn>-inagm»t  should  Ih»  always  niagni^tically  cIosimI.  These  conditions 
an»  iH'st  fnltilled  by  the  employment  of  the  band  form  of  armature  pro- 
|H»siHl  by  me  sonu»  years  ago,  and  which  has  siiu*e  then  come  very  gen- 
enillv  into  us«».  Tht»  armatuiv  in  question  consists  of  a  cylinder  of  soft 
iron.n>tating4ip(»n  its  axis.  It  carries  an  insulattnl  win*  wound  in  two  deep 
longitudinal  gnu^ves,  tun*  in  each  siile.  The  jHiles  of  a  battery  of  per- 
manent magnets,  or,  in  this  easr,  thost*  of  the  stationary  elect nvmagnet, 
an*  cut  out  so  as  to  let  the  armatiue  n)tate  with  the  least  iH>ssible  space 
lH»tween  them. 

*»  \\y  means  t»r  a  machine  const ructiMl  uinm  this  principle,  if  the  pro- 
|HU*tituis  of  tin*  vjuious  eoni|HUient  parts  an*  justly  determiiuHl  and  the 
(Hunmutatta*  piH»|H»rl>  phuvtl,  and  a  sntlieient  veUn^ity  of  notation  given 
to  tlu'  bai'n»l  armatun*,  a  eurivnt  may  In*  pnuluced  in  the  win*  which  is 
so  intense  that  it  di'\eh»|>s  heat  enough  to  burn  the  covering  with  which 
the  >>  in»  is  insuhitetl.  This  atvitlent,  however,  can  In*  avoidtnl,  when  the 
machim*  is  ivtpiiivtl  to  Ih*  kept  in  constant  actiim,  by  the  intnHluction 
of  n*sistanct»s  or  l\\  nnwleratinn  the  xeltHMty  of  n»tatii»n. 

**  Magneto  electn)  inductors  tlo  not  incnsistMU  jmwer  pm]H>rtionally 
withanincn»a8tM>f  dimenslou,  whenms  with  the  nmehtue  in  question  the 
roverst^  is  the  east*.    The  n^son  of  this  is  that  in  |H*riuaiioiit  luaguets  the 
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magnetism  increasea  in  a  very  small  ratio  to  the  weight  of  metal  of  which 
they  are  made,  and  that  with  a  battery  of  i)ermaiient  ma^niots  it  is  im- 
|Mxssible  to  eoncentnite  their  action  upon  a  limited  surface?  without  their 
mutually  diminishing  their  strength  to  a  very  nmterial  extent.  On  this 
account  »t4*el  magnets  are  not  well  adapted  for  emi)loyment  in  magnet 
inductoi^s  which  are  required  to  produce  very  strong  currents.  It  is 
true  that  such  machines  have  been  made  with  permanent  magnets, 
which  have  given  an  intense  electric  light,  but,  in  order  to  attain  this, 
they  were  reciuired  to  be  of  colossal  dimensions,  and  were  correspond- 
ingly ex|)ensive.  In  a<ldition  to  this,  the  magnets  lost  very  soon  the 
major  part  of  their  magnetism,  and  the  machine  therefore  its  force. 

*•  Mr.  Wyld,  of  Birmingham,  has  lately  constructed  a  machine  for  the 
producti<»n  of  powerful  magneto-electric  currents,  whose  capability  ho 
hsis  iuci-eased  by  the  employment  of  two  baixel  inductors  of  my  con- 
struction, as  described  above.  In  the  larger  of  the  two  he  has  shbsti- 
tuteti  an  electro-magnet  for  the  battery  of  permanent  magnets,  setting  it 
iu  action  by  the  current  of  the  smaller  one,  aiul  as  the  electro-magnet 
bwHimes  more  strongly  magnetic  than  ])ernianent  magn(»ts  could,  the 
resulting  cun-ent  is  con-esijondingly  stronger. 

"It  is  easily  st»en  that  Wyld  ha^,  by  this  construction,  considembly 
obviatcil  the  difficulties  found  iu  employing  steel  nuignets.  But  inde- 
pendently of  the  inconvenience  attending  the  use  of  two  iiuluctoi^s,  his 
apparatus  has  still  the  disadvantage  that  it  is  directly  dependent  upon 
the  steel  magneto  of  the  first  inductor  for  the  efficiency  of  it«  opera- 
tions.^ 

SULPHATE  OF  MAGNESIA   BATTERY. 

A  new  battery  is  described  by  Mr.  McGowan,  general  sui)erintendent^ 
of  tclegi-ajjlis  in  Victoria,  Australia,  as  producing  an  economy  over  tlie 
sulphate  of  copi>er  batter^',  used  for  the  local  battery  to  work  the  regis- 
ter. 

This  fonn  is  known  as  the  sulphate  of  magnesia  batteiy,  and  hasl>een 
|iatentvd.  "  The  containing  cell  is  of  more  than  ordinary  large  dimen- 
siuns;  the  negjitive  and  ])ositive  elements  are  copper  and  zinc,  cylindri- 
cal in  form.  an<l  the  exciting  fluids  are,  1,  sulphate  of  magnesia,  in  the 
fonn  of  a  n<'arly  saturated  solution ;  2,  sulphate  of  copper  in  broken 
••r>'.stals.  The  fiu'nuT  surrounding  the  metals  in  the  containing  vessel ; 
th#*  latter,  in  ])artial  solution,  admitted  through  a  perforation  at  the 
extremity  of  a  conical  glass  rec<»iver  pla<red  within  the  intericu*  cylin- 
der.* 

CONDUCTOKS,  CAHLES,  ETC. 

SUBMARINE    TELEGRAPH    CABLES. 

In  eonserpience  of  the  success  which  has  attended  the  use  of  subma- 
rine telegraph  edibles,  and  esi>e<*ially  the  great  success  of  the  Atlantic 
cable  enterprise,  the  attention  of  the  skillful  has  of  late  been  turned  to 
the  importance  of  improving  and  ])erfecting  them. 
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There  were  many  electrical  experiments  made  with  submarine  con- 
ductors for  various  scientific  purposes  previous  to  their  application  to 
telegniphy. 

It  is  believed  that  the  first  submarine  telegraph  line  was  laid  and  ope- 
rated in  New  York  harbor  by  Morse,  in  October,  1842,  Although 
destroyed  early  after  its  submersion,  by  the  anchor  of  a  vessel  getting 
under  way,  it  was  not  destroyed  until  the  fact  of  its  ability  to  transmit 
dispatches  was  fully  demonstrated.  The  gold  ^nedal  of  the  American 
Institute  was  bestowed  for  this  success. 

Since  that  date  the  skill  of  Euroi)ean,  especially  of  English,  French, 
and  Prnssifin  savans,  has  succeeded  not  only  in  iini)roving  the  construc- 
tion of  submarine  cables,  but  in  extending  them  in  various  directions 
from  the  United  Kingdom  across  rivers,  straits,  and  channels,  and  through 
seas,  until  the  islands  and  continents  of  the  eastern  hemisphere  are  to 
a  great  extent  telegraphically  united,  and  the  gre^t  enterprise  of  the  day, 
the  Atlantic  telegrai)h,  through  the  skill  and  perseverance  and  Ciipital 
of  English  and  Americans,  has  been  the  overcoming  of  the  apparently 
insurmountable  obstacle  of  an  oc*ean  deemed  until  recently  unfathom- 
able. It  is  unnecessary  here  more  than  to  allude  to  this  well-known 
enteri)rise,  since  the  exhaustive  history  of  it  is  familiar  to  all  who  have 
re«d  the  history  of  the  Atlantic  telegraph  in  the  graphic  pages  of  Doctor 
Russell  and  the  lieverend  Henry  Field. 

COMPOUND  TELEGRAPH  WIRE. 

As  directly  connected  with  the  imi>rovement  of  submarine  cables, 
attention  is  drawn  to  the  "compound  telegraph  wire,"  the  invention  of 
Moses  (i.  Farmer,  esq.,  of  Boston,  who  exhibited  the  thermo  electric 
•battery,  already  described,  page  52. 

Mr.  Farmer,  in  a  letter  to  Professor  Morse,  djited  Boston,  July  29, 
1868,  thus  descrilK»s  this  valuable  improvement,  and  the  tests  to  which 
it  has  been  subjected  : 

"  I  sent  to  you,  a  little  time  since,  a  pamphlet  relating  to  our  new  com- 
pound telegi-aph  wire,  (!omiK)seil  of  a  steel  core  and  a  copi)er  covering, 
the  whole  coated  with  an  alloy,  principally  tin,  for  l)reser^'ative  puri)ose8. 
You  will  tjike  in  at  a  glance  the  numerous  advantages  of  this  wire. 

"As  has  been  most  fully  shown  by  Thomson's  researches,  and  amply 
demonstrated  by  the  working  of  the  Atlantic  C4ible,  the  s|)eed  at  which 
a  line  c«an  be  worked  is  dirc?ctly  as  its  conductivity,  and  inversely  as  its 
electro-static  capacity.  The  distance,  also,  which  can  be  reached  is 
dire<'tly  as  the  condnctivity,  and  as  the  degree  of  insulati^m.  Anything, 
therefon*,  which  improves  the  (Mmductivity,  or  diminishes  the  static 
capacity,  or  increases  the  insulation,  is  a  benefit. 

"  Let  us  hH>k  for  a  moment  at  the  <H>mparative  conductivity,  strength, 
and  siKH'ific  weight  of  iron,  stw*!,  and  copper.  I  have  wirefully  measured 
and  recorded  one  or  all  of  these  elements  for  more  than  fitTty  samples  in 
common  use.  I  find  upon  an  average  that  from  two  and  three-quarters 
to  three  miles  of  common  telegraph  iron  wire  would  break  of  its  own 
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wei|?ht  if  fmspended  vertically ;  al>out  one  mile  and  three-quarters  of 
copper,  and  al>ont  seven  and  a  half  miles  of  the  steel  which  we  use,  I 
copy  my  coefficients: 

Steel,  7.47  1       .^^^ 

Galvanized  iron,  2,91  >      I  :^  I 
Copper,  1,72  3 

"Now,  for  weight  per  mile,  take  the  diameter  of  the  win*  in  inches, 
and  multiply  its  square  by — 

For  steel,     13373.") 
For  iron,      138(K).  I     (  t*J,  ) 
For  eopi)er,  15400.  \      ^     ^ 
**The  result  will  be  the  weight  x)er  mile,  5280  feet. 
**Sow,  for  eonducti^ity,  assume  as  unity  a  round  win*  of  chemically 
pure  C4>pi)er,  one-twentieth  of  an  inch  in  diameter;  it  would  weigh  thirty- 
nine  and  one-ninth  [Kmnds  per  mile.    I  will  copy  my  latest  coefficients, 
which*  if  multiplied  by  the  weight  per  mile,  will  give  the  actual  con- 
ductivity in  terms  of  the  unit  above  assumed,  viz: 


(^) 


For  steel,  .00202. 

For  cox>i)er,  .02045. 

For  gsdvanized  inm,  .00355. 

**Tlie  coefficient  for  copiier,  .02045,  is  one  for  commercial  copper,  which 

I  use<l  in  making  up  the  tables  in  the  pamphlet  refenvd  to.    We  now 

use  a  copper,  for  .which  the  proj>er  coefficient  is  .02301,  or  ninety  i>er 

cent,  of  jmre  coi)i)er,  (which  would  Ih»  ,02550.) 

**The  resistance  of  5280  feet  of  pure  copper  wire,  wdghing  39.11 
{lounds,  would  be  al)out  21.3  B.  A.  units. 

•*Xuw,  with  the  help  of  these  ccwfficients,  let  us  examine  two  or  three 
wires.  No.  8  iron  wire  weighs  three  hundred  and  si»venty-five  ])oun<ls 
per  mile.  ( Vide  Shaffner,  L.  Clark,  M.  G.  Farmer.)  Uenc(»  its  tensile 
strength,  or  the  weight  which  would  break  a  short  length  of  it,  would  be 
T=2.9x375=1087  iK)unds,  and  its  conductivity  would  Ik»  C=*00355x 
375=l>3:n— Famu^'s  latest ;  (C=l  .298,  L.  Clark.)  This  teftn^  to  ordinary 
galvanizt^l  iron  wire,  at  about  ten  or  ten  and  a  half  cents  per  pound,  and 
not  Washbuni-s  best  at  foiuteen  cents. 
**Xow,  take  fifty -six  i>ounds  per  mile  of  steel: 

Its  T=7.47x  50=418. 
Its  C=.00262x56=.1467. 
**Take,  now,  fifty-six  pounds  of  copiH»r  per  mile,  and  we  have: 

ItsT=1.72       x56=      96. 
ItsC=  .02045x56=1.145. 
Or  itsC=  .02301x56=1.288. 
**Now  the  combined  strength  of  the  two  would  be — 

T  steel  +  T  copi)er  =  T  comi)ound. 
'    418+96=514  pounds. 
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"And  the  combined  conductivity  would  be — 

C.  steel  +  C.  copper  =  C.  compound. 
.146+1.145=1.291. 

'^Or,  as  we  now  make  it — 

.146+1.288=1.434. 

"Thus  we  have  a  compound  wire  weighing  one  hundred  and  twelve 
pounds  per  mile,  ha\ing  a  conducti>ity  of  from  1.291  to  1.434,  according 
to  the  copi)er  used,  fully  equal,  if  not  8ui>erior,  to  that  of  average  No.  8 
galvanized  h'on  wire,  (1.298  to  1.331,)  which  compound  wire  will  require 
^-J-J=4.58,  or  four  and  a  half  miles,  to  be  suspended  vertically  to  break  of 
its  own  weight,  l>eing  more  than  fifty  per  cent,  stronger  than  iron  wire  in 
proportion  to  the  weight  which  it  has  to  sustain.  Hence  it  can  jiroba- 
bly  be  put  up  with  fewer  poles  per  mile,  thus  increasing  the  degi-ee  of 
insulation. 

"1  will  here  insert  two  tables : 


Qahanued  iron  wire. 

PoBtH. 

Sag. 

Ti 

9 

c 

T 

928 
928 
928 

1 

■ 
Ti 
t 

^     

m 

1 
2 
3 

144.3 
72.2 

48.1 

1.136 
1.136 
1.136 

320 
320 
320 

.155 

•aa 

• 

.077 

38 

.052 

Compoutid  wire. 


23 

1 
2 
3 

140 
70 
47 

•1.331 
1.331 
1.331 

514  ' 

514 

514 

112 
112 
112 

.272 

23 

.136 

22 X 

.091 

"So  that  with  twenty-three  po8t«  per  mile,  instead  of  thirty-eight,  the 
insulation  would  be  33— 23-^-23 =j^=  sLxty-ftve  per  cent,  better,  and 
with  a  sag  of  two  feet,  the  strain  on  the  wire  at  the  insulator  would  be 
only  about  one-seventh  of  that  required  to  break  a  short  length  of  the  wire ; 
and  witk  a  sag  of  only  one  foot,  the  strain  would  be  less  than  one-third  of 
its  ultimate  strength.  The  uniformity  and  homogeneity  of  the  st<H?l  ren- 
der it  less  likely  to  break  from  tiaws,  (and  the  short  experience  which  we 
have  had  with  it  shows  this.)  The  saving  of  cost  per  transportation  is 
evident  at  a  glance. 

"Xow  let  us  look  at  a  larger  wire.  8uj)pose  187  pounds  ikt  mile*  of 
steel  and  188  pounds  iH»r  mile  of  cop]>er  equal  375  pounds  iK»r  mile, 
(sjunc  weight  as  a  No.  8  galvanize<l  iron,  which  has  a  tensile  strength  of 
1087,)  and  a  conductivity  of  1.331  (at  best  average:) 


• 

i 

T 

C 

TI 

w 

gtaet  

187 
188 

1397 

329 

1 

.490 
4.324 

7.47 

ClOBfMF      ................................•..•..•........>.>•.....«...•..... 

1.72 

Btimmary  ......,...........,...___..,.,,,,,,...,,,,,»,.....».,..■,..,. 

375 

1720 

4.814 

4.59 
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**Here  wo  have  an  increase  over  No.  8  of  1720— 1087 -i-1087=/t^,  ^^ 
fktty-eight  per  cent,  in  tensile  strength,  an  increase  of  4.814—1.331-4- 1.331 
a«2t>l  i>er  cent. ;  or,  in  other  words,  we  could  reach  three  and  a  half  times 
ms  far  witli  the  comi>ound  wire  as  with  the  iron  of  equal  weight  per  mile, 
while  the  insulation  could  be  improved  by  the  use  of  fewer  i)oles  per 
mile,  this  ^ire  being  nearly  sixty  per  cent,  the  stronger." 

Table  showing  the  relative  weighty  strefigthj  and  conductivity  of  the  com- 
pound and  other  iHres. 


TaUeKo.  1 

Talkk  No.  9 : 

StMl 

Copper 

Compoand  . 

Table  Xo.  3: 

Steel 

Copper. 

Compoand. 

Tabfe  Na  4  : 

StceL 

Copper 

Compooad.. 

Table  No.  5 : 

Steel 

Copper 

Compoand. 

Table  Ho.  6: 

Steel 

Copper 

Compoand. 

Table  No.  7 : 

Steel 

Copper.  ... 

Compoand 

Table  Na  8: 

Steel 

.  Copper 

Compoand 


C 


C 
C/e. 


375 


1091 

1.331 

1 

1397 
325 

.490 
4.324 

17-22 

4.814 

3.61 

238 


52 
52 


104 


78 
297 


375 


357 

18 


375 


136 
43 


689  ' 
205  ' 

.311 
2.737 

1094 

3.048 

2.29 

388 
89 

.136 
1.  IIH) 

477 

1.332 

1 

583 
511 

.204 
6.831 

1094 

7.035 

5.28 

2768 
31 

.935 

.414 

2799 

1.349 

I 

1016 
74 

.356 
.989 

179 
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of  Column§,—Ut,  (j^  weight  per  mile;   9d,  (T)    teniile  strength;  3d,  (C)    conductivity; 

41k,  (^^—)  cnndactlTity  eompared  with  common  No.  8  galvanized  wire. 
VC/e.^ 

Table  Kow  }  contalni  the  elements  for  the  arerage  of  No.  8  galvanised  iron  telegraph  wirt; ;  table  No.  2, 

id  wire  of  eqaal  weight ;   table  No.  3,  compoand  wire  of  eqaiU  teniile  Htrength  ;   table  No.  4,  com- 

vifB  of  eqaal  eondaetivit j ;  table  No.  5,  compoand  wire  of  eqnal  weight  and  tensllt*  strength ;  table 

€,  eonponnd  wire  of  eqnal  weight  and  conductivity ;   table  No.  7,  compoand  wire  of  eciaal  tensile 

ooodoetivlty ;  table  No.  8,  oompoand  wire,  oar  ordinary  equivalent  of  No.  8  galvanized  Iron 

M  eoaU  t«B  U^aleTaa  eenti  per  mile  at  presents 
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The  improvement  of  Mr.  Farmer  in  the  construction  of  telep-aph  wire 
is  e-onsidered  of  so  much  importance  as  to  warrant  the  insc^rtion  here  of 
a  more  detailed  specification  of  its  advantages;  and  in  view  of  tlie  obsta- 
cles encountered  in  the  construction  of  lines  in  the  Ottoman  Empire,  to 
which  the  energetic  director  of  Turkish  telegraphs  alludes  in  his  letter 
to  the  United  States  minister  resident  in  Constantinople,  inserted  in 
Chapter  VI,  (obst^icles  occasioned  by  the  aecumulatipn  of  ice  ui>on  the 
wires  in  certain  localities,)  we  specially  commend  the  fact  that  the  com. 
pound  wire  seems  specially  adapted  to  obviate  these  difticultie^s : 

"There  is  a  growing  tendency  in  this  and  other  countries  to  employ 
larger  wire  for  telegraph  i)uii)ose«,  in  onler  to  obtain  a  gi*eater  conduct- 
ing capacity. 

"Notwithstanding  the  many  disadvantages  attending  the  use  of  large 
telegraph  wii'e.  No.  4  has  been  adopted  on  important  lines  and  for  long 
circuits,  in  England,  Kussia,  and  other  countries,  solely  for  its  sui>erior 
conductivity;  and  it  is  well  understood  by  telegraphers  in  general,  that 
for  the  rapid  and  successftd  operations  of  the  circuits,  much  dei>end8 
upon  this  element.  Esi)ecially  is  this  the  case  in  wet  weather  and  upon 
long  lines. 

"  Under  certain  conditions  of  the  lines,  consequent  ujwn  wet  weather, 
superior  conductivity  will  accomi)li8h  that  which  increased  batt(?ry  power 
utterly  fails  to  do;  and  repeaters  at  intermediate  offic4?s,  mth  their  ne- 
cessary main  batteries,  aceomplish  but  imperfectly  and  unsatisfactorily, 
as  a  gen(»ral  nile,  and  in  man^'  cases  fail  to  do  altogether. 

"Pui*e  coi)per  wii^e,  having  a  con<lucting  capacity  of  nearly  seven  times 
that  of  galvanized  iron  wiii^,  has,  of  course,  a  great  advantage  in  this 
resiH*ct  for  telegraph  purimses.  Its  use,  however,  has  been  prevented 
in  conse(iuence  of  lack  of  sufficient  strength  to  sustain  itself. 

"In  the  Anu»ri(»an  comiK>und  telegraph  wire  this  \ital  objection  to  the 
employment  of  copper  alone  for  this  puri)ose  is  obviated,  and  a  conduc- 
tivity and  relative  strength,  sui)erior  to  that  of  galvanized  iron,  are 
combim^l  in  a  lighter  wire. 

"The  composite  parts  of  this  wire  are  steel  and  copi)er,  the  steel  form- 
ing the  <'ore,  an<l  serving  mainly  for  strength,  while  the  copper  ser\'es 
more  esi)ecially  as  a  su|>erior  conductor. 

"  In  i-egard  to  relative  strength  it  is  well  known  that  the  breaks  in 
ordinary  galvanize<l  telegraph  wire,  occasioned  by  accumulations  of  ice 
and  snow,  and  from  other  causes,  occur  at  we4ik  points,  or  at  imperfec- 
tions which  are  caused  by  flaws  existing  in  the  iron  before  galvanizing, 
as  well  as  from  the  effects  of  that  process. 

"  We  therefore  claim  that  our  comi>ound  wire,  even  with  a  relative 
strength  no  greater,  theon^tically,  than  that  of  a  galvanized  iron  wire, 
will  be  much  le«s  liable  to  breakage  from  these  causes,  in  consequence 
of  the  unifonnity  of  strength  in  the  steel  core,  while,  in  fact,  the  relative 
strength  itself,  of  the  compound  wire,  is  very  much  the  better  of  the 
two.    (See  table  beyond.) 
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"St«H*l  wires,  of  sizes  varying  from  No.  12  to  Xo.  IG,  stretched  Iroiii 
lM>]e  to  iK)le,  across  streams  from  one-(iuaii:er  to  tlirei^-qiiarters  of  a  mile 
in  widtii,  in  the  United  States,  which  have  withstood  the  accumuhitions 
of  ice  and  sU^et  for  years,  are  good  ilhistrations  in  this  <*onnection.  One 
s|KH*ial  instan<;e  may  be  cited  of  .a  Xo.  IG  steel  wire,  between  fonrteen 
hiiiHlrcHl  and  fifteen  hiindn»d  feet  in  lengtli,  which  has  been  in  o])eration 
arross  the  Kennebec  Kiver,  in  jNIaine,  for  the  past  eight  years;  and  which, 
we  are  informed  by  the  superintendent  of  the  line,  has  parted  twic(»  only 
during  that  i^eriiHl — in  each  case  having  been  untwiste<l  at  a  joint  by 
the  great  stmin  upon  it  caused  by  an  immense  accumulation  of  ice,  the 
wire  itst»lf  remaining  intact. 

•*Tlie  advantages  of  increased  conductivity  and  strength  having  been 
briefly  set  forth,  there  are  oth(*r  practical  advantag<\s  to  be  gained  in  the 
use  of  the  Anu»rican  compound  telegraph  wire,  to  which  we  wimld 
respectfidly  call  the  attention  of  contractors  and  t<*legraph  companies. 

"I^rge  wire  is  used  only  because  of  its  superior  conductivity;  an<l  it 
is  obvious  that  a  light  wire  is  xueferable  in  handling  and  stringing,  which 
c:m  be  d<me  with  less  labor. 

**Also,  maintaining  a  superior  conductivity  and  relative  strength,  the 
lightness  of  this  wire  will  admit  of  an  average  of  at  least  ten  poles  to 
the  mile  less  than  would  be  otherwise  necessary. 

^'ThisitHluction  in  the  number  of  poles  per  mile  will  not  only  conduce 
to  et-'onomy  in  construction,  but  it  will  effect  a  decrease  of  twenty -five 
fier  4*ent.  or  moi-e  in  escaiK*  of  the  electric  current. 

**  In  stringing  over  the  tops  of  buildings,  stretches  may  l)e  safely  made 
double  the  length  of  those  taken  with  the  ordinary  telegraph  wire,  and 
yet  with  less  strain  uiK)n  the  insulators. 

^•Another  iH>int  in  its  favor  is  the  imperishable  nature  of  copper, 
whirh,  in  this  wire,  is  the  exi>osed  metal;  the  zinc  coating  of  the  gal- 
vanized iron  being  deteriorated  near  the  sea,  and  fnmi  the  effect  of  gases, 
&c.,  from  chinmeys,  while  copp(»r  will  remain,  under  such  conditions, 
UQiin]KiiitMl.  In  fact,  under  all  circumstanc<\s,  the  durability  of  the  com 
lMiun4l  wire  is  gi^eatly  sui)erior  to  that  of  the  galvanized  wire  in  general 
use. 

*'In  the  Cfmstruction  of  lines  theiv  are  many  cases  in  which  the 
ex|ienseof  transportation  of  telegraph  wire  from  the  manufactory  to  its 
destination  is  an  item  of  consi<lerable  m-ignituile.  By  reference  to  the 
aci'oni[>anying  table  it  will  be  readily  seen  that  with  the  same  or  a  much 
grwiter  conductivity,  as  compared  with  galvaiiiz<Ml  iron,  the  (*ompound 
wire  weighs  very  nmterially  less,  with  no  disadvantage  whatever  arising 
from  its  lightness. 

*^J^ferring  again  to 'conductivity,' which  has  been  the  chief  object- 
ive iM>int  in  the  pro<luction  of  tliis  wire,  it  will  Im»  observed  that  thisele- 
BH'nt  may  lie  largely  increastnl  without  sacrificing  strength,  and  without 
ivc(>ur8e  to  an  unwiehly  and  cumbei^some  medium  for  conduction. 

•♦iDcreaaed  conductivity  admits  of  a  reduction  in  battery  jwwer,  with 
6t 


66 


PARIS   UNIVERSAL   EXPOSITION. 


a  consequent  decrease  in  the  e8cai>e  of  electricity.  Long  circuits  are 
worked  with  greater  fa45ility,  and  the  l^ius  and  the  fogs  lose  their  time- 
honored  power  to  prevent  the  passage  of  the  electric  current  where  it 
should  properly  flow. 

No.  L — Commercial  table  sliotcing  tJie  absolute  and  relative  strength  and  con- 
ductivity of  tlie  compound  wires. 


OALVANIZEU  IRON  WIRE. 

COMPOUND  STEEL  AND  COPPER  WIRE. 

Size. 

Weight  per 
mile. 

Relative 
Mtrengtb. 

Condnc- ' 
tlvity. 

Conduc- 
tivity. 

Relative 
Mtrengib. 

Weight  per 
mile. 

Sizeit  of 
Mteel, 

1 

Size  of 

compound. 

12 

11 

10 

9 

8 
7 
6 
5 
4 
3 
2 
1 

• 

161 
208 
263 
313 
375 
449 
525, 
610 
:20 
835 
969 
1121 

2.9 
2.9 
2.9 
2.9 
2.9 
2.9 
.     2.9 
2.9 
2.9 
2.9 
2.9 
2.9 

.53 
.69 
.87 
1.03 
1.29 
1.48 
1.73 
2.02 
2.38 
2.76 

a20 

a  71 

.53 
.69 
.87 
1.03 
1.29 
1.48 
1.73 
2.02 
2.38 
2.76 
a  20 
a  71 

5.5 
5.1 
4.7 
4.9 
4.6 
4.4 
4.5 
4.3 
4.0 
4.2 

a9 

a8 

62 

70 

79 

90 

112 

121 

147 

161 

179 

216 

23e 

263 

17 
17 
17 
16 
16 
16 
15 
15 
15 
14 
14 
14 

16  f 
15- 
15^- 
14 

14  + 

la- 

12- 
12 
12-f- 
11— 

11  + 
10— 

Special  table  No.  II. 


GALVANIZED  IRON  WIRI 

«• 

COMPOUND  WTKt. 

Size. 

Relative 
Htrength. 

2.9 

Weight  per 
ml    . 

Condnctivlty. 

Conductivity. 

Weight  per 
mile. 

Relative 

strength. 

Size. 

4 

720 

2.38 

2.65 

198 

11— 

6 

2.9 

825 

1.73 

1.86 

139 

13+ 

8 

2.9 

375 

1.29 

1.33 

101 

14 

9 

2.9 

313 

1.03 

1.12 

83 

15 

10 

2.9 

262 

.87 

.95 

71 

15— 

Special  table  No.  III. 


OALVAMZEO   IRON  WIRE. 

COMPOUND  ^IRE. 

Size. 

Relative 
strength. 

Weight  per     conductivity, 
mile.         , 

Conductivity. 

Weight  per 
mile. 

257 

BelaUvo 
strength. 

Size. 

4 

2.9 

720        '           2. 38 

2.65 

5 

10— 

6 

2.9 

525                    1.73 

1.86 

181 

5 

1«+ 

8 

2.9 

375 

1.29 

1.35 

131 

5 

13+ 

9 

2.9 

313 

1.03 

•1.12 

108 

5 

14+ 

10 

2.9 

262 

.87 

.95 

95 

5 

14— 

12 

2.9 

161 

.53 

.60 

58 

5 

16 
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Special  table  Xo.  IV. 


GALVANIZED  IROS  WIRE. 

1 

COMPOUND  WIRE. 

1 

Sixe. 

RelftriTe 

Mrength. 

Weight  per 
mile. 

790 
525 
375 
313 

Condnctivity. 

2.38 
1.73 
1.29 
1.03 

Conductivity. 

Wtfight  per 
mile. 

Relative 
strength. 

.Sice. 

4 
6 
9 
9 

2.9 
2.9 
2.9 
2L9 

2.65 
1.86 
1.35 
1.12 

160 

112 

81 

-67 

3 
3 
3 
3 

12 
14  + 

15 

1«+ 

^*  The  term  relative  strength,  used  in  the  preceding  tables,  denotes  the 
quotient  obtained  by  dividing  the  strain  which  would  break  the  wire  by 
its  weight  per  mile. 

^  The  gauge  here  used  is  that  employed  by  Washburn  and  other  tele- 
graph-wire makers. 

'*  Table  I  compares  several  sizes  of  galvanized  iron  wire  with  the 
American  comi)ound  telegraph  wire  of  equal  conductivity  and  a  relative 
strength  from  thirty  to  ninety  per  cent,  greater,  showing  that  the  com- 
l>ound  wire  need  have  only  about  one-third  the  weight  of  galvanized 
iron  wire  to  be  relatively'  stronger,  and  at  the  same  time  to  possess  equal 
or  greater  conductivity. 

**  It  is  evident  why  this  should  be  so,  since  the  best  commercial  cop- 
per i>ossesses  more  than  six  times  the  average  conducting  capacity  of 
galvanized  iron  wire ;  and  the  steel  which  enters  into  the  compound 
^ire  has  nearly  three  times  the  tensile  strength  of  galvanized  iron  wire  of 
e<|ual  size. 

•  '*The  relative  strength  of  the  steel  which  is  used  in  the  American 
compound  telegraph  wire  averages  7.47 ;  that  of  the  copper,  1.72 ;  while 
the  average  relative  strength  of  galvanized  iron  wire,  as  found  by  testing 
various  samples  of  the  best  in  the  market,  is  only  2.9. 

*•  Hence  it  is  clearly  evident  that,  by  varying  the  proportions  of  steel 
and  copiJer  in  the  compound  wire,  any  desired  relative  strength  can  be 
given  between  the  limits  of  1.72  and  7.47 ;  and*,  at  the  same  time,  any 
desired  conductivity  can  be  had  along  with  it. 

*•  It  will  be  seen,  however,  that  a  high  relative  strength  is  more  costly 
than  a  low  one,  for  the  reason  that  steel  possesses  a  less  si)ecilic  conduc- 
tivity than  copi>er,  and  tliis  difterence  of  conductivity  is  greiiter  than  the 
difference  of  cost. 

*•  But,  in  the  construction  of  lines  of  telegraph,  while  an  increased 
ivlative  strength  adds  to  the  cost  of  the  wire  used,  it,  on  the  other  hand, 
effects  a  saving  in  the  numlKT  of  poles  and  insiUators  required,  thus 
rvtlucing  tly?  tot^d  cost  of  material  and  its  ti'ansiH)rtation,  which  is  often 
of  great  imi)ortance;  therefore  increased  relative  strength  is,  on  the 
whide,  more  economical. 

^  Table  II  shows  wires  of  different  conductivities,  all  possessing  a  rela- 
thre  ttareogth  of  four. 


68  PARIS  UNIVERSAL  EPOSITION. 

"  In  table  III  the  wires  all  show  a  relative  streiiprth  of  five,  while 

*' Table  IV  shows  wires  with  a  relativestren^liof  only  three,  whieh  is 
at  least  three  per  cent,  better  than  the  average  of  telegraph  wire,  an<l 
the  strength  of  the  larger  sizes  is  certainly  anii)le.  From  this  table  it 
appears  that  we  can  get  the  (conductivity  of  a  No.  8  galvanized  iron  wire 
by  using  a  conij)ound  wire  weighing  only  eighty  pounds  per  niil(».  Such 
a  wire  would  be  handled  with  the  gi-eatest  ease,  as  a  man  could  n^adily 
cany  a  mile  or  mon»  upon  his  back. 

^'  By  using  either  jjf  the  two  larger  sizes  sho  wn  in  this  table,  all  the 
advantages  of  a  heavy  iron  wire,  which  wouhl  weigh  from  five  hundreil 
to  seven  hundred  pounds  j)er  mile,  can  be  secured  by  a  comix)und  \v\rv 
weighing  less  than  one  hundred  and  seventy-five  pounds  per  mile. 

^'  Other  sizes  than  tlu»se  in  the  above  tables  can  be  made  iwssessing 
intermediate  or  greater  relative  stn^ngth  and  of  any  desirable  cx)ndu(!- 
ti\ity. 

*^Tlie  foregoing  tables  are  based  on  the  employment  of  a  copper  which 
shall  i)ossess  seventy-eight  one-hundred  tlis  of  the  conductivity  of  a  chemi- 
cally pure  coppiT  wire. 

"Tlie  standard  unit  of  conducti^ity  here  employed  is  that  of  a  roun<l 
copiKT  wire  one-twentieth  of  an  inch  in  diameter,  chemically  pure,  and 
one  foot  in  length. 

"  In  making  up  the  coefficients  of  tensile  strength,  conductivity,  and 
weight  per  mile  of  galvanized  iron  wire,  for  comparison  with  the  com- 
pound, as  i)er  tables,  careful  t(»sts  were  made  and  an  average  taken  from 
sev(*nd  samples,  including  some  of  the  best  qualities  found  in  the  mar- 
ket." 

At  the  risk  of  some  repetition  the  following  observations  upon  con- 
ductors  and  insulation  are  extracted  from  a  more  recent  publication  by 
the  American  Comi)ound  Telegraph  Wire  Oompanj',  of  which  Mr.  Moses 
G.  Farmer  is  the  consulting  electrician : 

**Tlie  nu»thod  most  commonly  in  use  now,  and  always  likely  to  be,  for 
the  constniction  of  lines  of  telegraph,  is  to  stretch  a  line  of  wire  in  the 
air  from  one  pole  to  another,  attaching  it  to  the  pole  by  the  intervention 
of  an  insulator,  connecting  each  end  of  the  circuit  with  the  ground.  The 
reason  we  use  an  insulator  is  that  we  wish  to  transmit  as  much  as  i)os- 
sible  of  the  current  to  tlie  far  end  of  the  line  before  it  enters  the  gi'ound. 

"Now,  as  a  current  of  electricity  divides  itself  into  as  nmny  branches 
as  there  are  paths  open  for  it  to  travel  in,  and  since  the  proportion  of  the 
whole  current  flowing  in  any  particular  path  depends  on  the  conductivity 
of  that  paiticularpath,  in  comparison  with  the  sum  of  the  conductivities 
of  all  the  paths,  we  wish  to  diminish  the  number  and  value  of  the  paths 
of  escaiw  down  the  several  i>osts  which  supiwrt  the  line. 

*^To  maintain  a  cunent  of  ele<^tricity  in  a  line  of  telegraph  we  employ 
some  form  of  galvanic  battery.  Tliose  most  generally  used  are  the  Grove 
nitric  acid  and  the  DanieFs  sulphate  of  copi)er  battery.  About  five  of 
the  latter  are  equivalent  to  three  of  the  former  in  ability  to  work  a  long 
line. 
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**  Since,  however  ^ood  the  insulator  may  be,  some  small  portion  of  the 
carrent  escai)es  from  the  line,  over  it,  down  the  post  to  the  irronud,  it  is 
niauife^t  that  if  the  line  be  long,  the  iK)sts  many,  and  the  insulators  very 
l>oor,  a  small  i>ortiou  only  of  the  entering  current  may  reach  the  far  end 
of  the  line. 

"The  law  which  governs  this  may  be  thus  enunciated.  If  the  current 
ii|Km  the  line  near  the  battery  be  called  the  entering  current,  and  that 
ui>on  the  distant  end  near  where  it  enters  the  ground  be  called  the  arriv- 
ing current,  then  the  distance  to  which  any  stated  fraction  of  the  enter- 
ing current  will  reach  is  proportioned  directly  to  the  scjuare  root  of  the 
conductivity*  of  the  wires,  to  the  scpiare  root  of  the  insulating  ])ower  of 
the  insulator,  and  inversely  to  the  square  root  of  the  number  of  i)oles  per 
mile  UHcd.  It  is  customary,  of  late,  to  compare  the  resistance  of  ditter- 
eut  wires  with  one  another,  by  referring  them  to  the  standard  adopted  by 
the  British  Association  for  the  Advancement  of  Science. ' 

*'This  unit  is  sometimes  called  an  ohm,  or  an  ohmad,  a  name  given  in 
honor  of  Dr.  G.  S.  Ohm,  who  so  fully  developed  the  laws  which  govern 
the  distribution  and  action  of  a  galvanic  current ;  an  unit  a  million  times 
larger  than  this,  and  called  a  megohm,  is  used  to  compare  the  resistance 
of  insulators. 

••  A  round  wire  of  pure  copi>er,  one-twentieth  of  an  inch  in  diameter  and 
utNuit  two  hun<lred  and  fifty  feet  in  length,  nearly  represents  this  unit  of 
resistance;  a  nearer  rt^presentation  of  it  is  a  round  wire  one  foot  in  h»ngth, 
an4l  one  hundred  and  forty-eight  one-thousandths  of  an  inch  in  diameter, 
made  firom  an  alloy  composed  of  two  parts  of  silver  and  one  part  of  pla- 
tinum. 

Since  a  pure  copi)er  wire  is  from  six  to  eight  times  as  good  a  conductor 
as  an  average  iron  wii-e  of  the  Siune  size,  and  since  the  distance  to  which 
we  can  work  a  line  of  telegraph  depends,  among  other  things,  upwi  the 
<tmductivity  of  tlie  line,  it  is  plain  that  it  would  be  <lesinible  to  use  cop- 
lier  if  it  answered  as  well  in  other  respects  as  it  does  for  conductivity; 
and  the  first  lines  in  this  country  weiv  actually  constructe<l  of  copinn-, 
hut  it  was  soon  tbund  that  its  ductility  and  inferior  tenacity  nMideivd  it 
inapplicable  to  the  purpose.  So  iron  wires  soon  came  to, be  substituted 
for  (H>pi>er,  and  size  No.  1),  weighing  about  three  hundred  and  twenty 
[Mmnds  iK*r  mile,  was  selected,  as  it  seemi^tl  to  gene»illy  posse*?s  alK>ut  the 
ssinie  conductivity  as  did  theXo.  IG  copiwr  wire,  which  had  been  hitherto 
ase<L 

*•  Since  1847  iron  wire  has  been  almost  wholly  used  in  this  country, 
until  within  the  past  year,  when  the  America n  compound  telegraph  wire 
made  its  apiH*anince.  This  wire  is  the  result  of  almost  numlx^rless 
attempts  wliich  have  l)een  made  to  utilize  the  well-known  con<lucting 
jiower  of  c?opi)er;  and  it  is  at  last  accomplisluHl  by  uniting  copper,  the 
lie»t  wHiductor,  with  steel,  the  strongest  known  material ;  thus  at  once 
secariug  lightness  and  strength  with  great  conductivity  in  the  same  wire, 
oopiier  being  six  or  eight  times  as  good  a  conductor  as  iron,  and  steel 
beiDg  twice  or  thrice  as  strong. 
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"The  American  compound  telegraph  wire  has  a  core  of  carefully- 
selected  and  well-manipulated  steel,  which  core  is  first  tinned,  and  then 
has  drawn  ni)on  it  a  strip  or  ribbon  of  the  very  best  Lake  Superior  co])- 
per,  which  is  selected  with  the  greatest  care. 

"  In  the  coui'se  of  its  manufacture  it  goes  through  a  great  number  and 
vaiietj'  of  processes,  such  as  annealing,  tempering,  drawing,  &c.,  and  the 
completed  wire  is  finished  by  parsing  it  through  a  bath  of  melted  tin,  by 
which  the  copper  and  steel  are  welded  into  and  made  one  complete  whole. 

"The  smaller  sizes  are  generally  drawn  into  lengths  of  one  thousand 
to  fifteen  hundred  feet,  and  are  put  up  in  mile  bundles,  three  or  more 
pieces  being  carefully  joined  together  at  the  factory. 

"A  wire  of  ordinary  iron,  weighing  about  three  hundred  and  twenty 
pounds  per  mile,  and  known  to  the  trade  as  No.  9,  will  offer  from  seven- 
teen to  twenty-two  units  of  resistance  or  ohms  to  the  mile.  A  comimund 
wii^e  composed  half  of  steel  and  half  of  copper,  offering  the  same  mileage 
resistanc^e,  will  weigh  only  about  one  hundred  pounds  i>er  mile ;  an  ii-on 
wire  of  average  quality,  weighing  three  hundred  and  seventy-five  i>ounds 
per  mile,  and  known  as  No.  8,  will  offer  the  same  mileage  resistance  as  a 
compound  wire  of  less  than  one-third  that  weight. 

"  None  is  suflered  to  go  out  from  the  factory  as  first-class  wire,  in 
which  the  con<luctivity  of  the  copper  is  less  than  ninety  i>er  cent,  that  of 
chemically  pure  copper. 

"It  is  manifestly  a  great  advantage  to  use  a  light  wire,  if  it  presents 
the  re(]uii*ed  ability  to  sustain  itself,  since  it  produces  less  strain  upon 
the  insulators,  which  are  always  brittle,  and  n^quires  jwsts  of  less 
strength  to  sustain  it.  The  cost  of  transportation  is  also  less,  as  also  is 
thc'cost  of  han<lling  in  stringing,  &c. 

"The  compound  wire  i)ossesses  another  advantage,  based  on  the  fact 
that  steel,  even  at  a  low  temper,  possesses  a  great  degree  of  elasticity, 
so  much  so  that  it  can  be  stretched  or  elongated  one  two  hundred  and 
fiftieth  part  of  its  length  without  taking  a  permanent  set ;  but  will,  ui)on 
removal  of  the  strain,  return  to  its  original  length ;  and  it  is  a  fact  that 
when  a  tree  falls  upon  a  line  of  the  comiwund  wire  and  does  not  break 
it,  when  the  trui*  is  removed  the  \Nire  returns  nearly  or  quite  to  it«  original 
position,  instead  of  i-emaining  stretched  as  does  an  ii'on  wire. 

"  From  this  cause*,  a  line  of  compound  wire  keeps  up  to  its  original 
height,  and  doi*s  not  ftag  more  and  more  year  after  year,  as  an  iron  wire 
does. 

"  In  order  to  show  clearly  the  a<lvantages  which  the  compound  win* 
ofters  iii  the  construction  of  lines  of  telegniph,  it  nuiy  l)e  well  to  com- 
pare the  relative  conditions  as  to  strength  and  ability  to  work  lines 
built  of  iron  wire,  with  equally  etticient  lines  constructed  with  compound 
wire. 

"  A  very  common  mode  of  construction  has  been  to  use  No.  9  iron  wire, 
weighing  three  hundretl  and  twenty  i>ounds,  and  putting  it  up  on  thirty- 
five  i)ole8  per  mile,  with  glass  insulators  on  wooden  inns,  which  insula- 
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tors,  in  a  long-contiiiaed  rain-storm,  would  not  offer  more  than  two  or 
three  megohms  of  resistance.  We  will  suppose  one  wire  use<l,  the  posts 
to  be  twenty-five  feet  above  ground.  If  the  wire  l>e  of  very  good  (piality 
it  will  ofter  eighteen  ohms  i)er  mile  of  resistance,  and  if  it  be  soft  it 
will  generally  break  at  a  strain  of  about  one  thousand  pounds;  but  there 
l>etiig  always  more  or  less  of  flaws  in  a  mile  of  the  wire,  if  it  be  put  up 
very  taut  it  will  break  a  few  times  the  first  year.  We  will  suppose  the 
(>ost.s  one  hundred  and  fifty  feet  apart,  and  the  siig  of  the  wire  midway 
between  the  posts  to  be  nine  inches;  this  would  be  called  pulled  up  pi-etty 
straight.  The  strain  on  the  wire  near  the  insulator  would  be  two  hun- 
dre<l  and  fifty  i>ounds,  or  twenty-five  i)er  cent,  of  the  ultimate  strength 
of  the  iron ;  an<l  it  would  be  more  than  that,  as  the  strength  of  a  wire  is 
that  of  its  weakest  cross-section,  and  there  being  occasional  flaws,  two 
hnn<ketl  and  fifty  pounds  would  sometimes  be  as  much  as  one-third  of 
the  real  strength  of  the  wire. 

"With  a  mileage  resistance  of  eighteen  ohms,  and  with  thirty-five  in- 
sulators per  mile,  which  otter  three  megohms  resistance  ea(;h  in  a  very 
rainy  day,  the  fraction  of  the  entering  current  which  would  reach  the 
end  of  the  line,  two  hundred  and  fifty  miles  disUint,  would  be  about  five 
and  one-third  per  cent.  The  apparent  resistance  of  the  line,  measured 
ftxrm  one  end,  would  be  only  about  two  hundred  and  thirty -eight  ohms, 
instead  of  four  thousand  five  hundred,  which  it  would  be  if  the  line  were 
insnlateil  to  absolute  i)erfection.  Supi)ose  now  that  ordinarily  thirty 
Grove  cui>s  are  used  at  one  end  only,  the  total  electro-motive  force  of  the 
thirty  cups  will  be  about  fortj -eight  volts,  and  the  internal  resistance  of 
the  thirty  cups  should  not  exceed  twelve  ohms ;  then  the  total  resistance 
of  the  circuit,  with  all  the  relays  cu  out,  would  be  238 -f  12=250  ohms, 
and  the  strength  of  the  entering  current  would  be  one  hundred  and 
ninety-two  thousandths  of  a  megafarad,  or  one  hundred  and  ninety-two 
thoasaud  farads. 

"This  is  from  ten  to  fifteen  times  as  much  strength  of  current  as  is 
onlinarily  recpiired  to  work  a  relay;  and,  indeed,  the  five  and  one-third 
|)er  cent,  of  it,  or  ten  thousand  one  hundred  and  seventy-six  farads  is 
amply  sufiQcient  to  work  the  relay  at  the  distant  end  of  the  line. 

"  We  will  now  suppose  that  we  employ  a  compound  wire  weighing 
two  hundred  pounds  per  mile,  ninety  pounds  of  this  wire  .being  steel 
and  one  hundred  and  ten  pounds  of  it  being  copper — its  breaking  strain 
will  l»e  about  one  thousand  and  forty  pounds;  one-fourth  of  this  will  be 
two  hnndre<l  and  sixty  iwunds,  and  if  it  be  put  up  on  nineteen  ]H)sts 
p<?r  mile,  with  a  sag  of  sixteen  inches  mi<lway  between  the  poles,  the 
ratio  of  the  span  to  the  sag  will  be  the  same  an  in  the  former  cas4\  The 
teii/iion  on  the  wire  will  be  the  same  fraction  of  its  ultimate  strength, 
as  in  the  ca*<e  of  the  iron  wire  on  thirty-five  poles  per  mile;  and  from  its 
sai>erior  homogeneity  it  will  be  less  likely  to  break. 

**Now,  on  a  line  thus  constructed,  the  conducting  resistance  being 
7.72  ohms  per  mile,  and  there  being  only  nineteen  insulators  of  three 
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megohms  eacli  per  mile,  wo  shall  find  that  thirty-four  per  cent,  of  the 
eiitoriiig  current  arrives  at  the  terminal  station,  two  hundred  and  fifty 
mih»s  distant,  instead  of  five  and  one-third,  as  with  the  No.  9  iron  wire ; 
and  we  shall  find  that  twelve  cups  of  Grove's  battery  will  cause  as  stron<^ 
a  current  to  arrive  at  the  distant  end  as  did  the  thirty  cups  on  the  pre- 
vious iron  wire. 

"Some  of  the  best  constructed  lines  in  the  United  States  use  a  wire 
of  extra  <iuality,  weighing  three  hundred  and  eighty  pounds  per  mile, 
with  as  low  a  uuleage  resistance  as  thirteen  ohms. 

"These  lines  are  built  on  thirtj'-eight  to  forty  posts  i)er  mile,  with 
glass  insulators  that  in  a  hard  rain  do  not  show  more  than  nine  meg- 
ohms resistance  each. 

"A  line  so  constructed  would  be  capable  of  transmitting  ninety  per 
cent,  of  the  entering  current  to  a  terminal  station  seventy  miles  distant, 
and  ten  per  cent,  of  the  ciUTcnt  to  a  terminal  station  four  hundred  and 
eight j'-four  miles  distant. 

"iJut  if  a  compound  wire,  half  of  steel  and  half  of  copper,  weighing 
one  hundred  and  forty  i)ounds  i>er  mile,  and  having  a  mileage  resistance 
of  twelve  olnns,  be  put  on  twelve  posts  instead  of  thii-ty-eight,  with  the 
sjime  kind  of  insulators,  we  should  find  that  ninety  i)er  cent,  of  the 
entering  current  c<mld  l>e  transmitted  over  a  line  one  hundred  and 
thirty -one  miles  long,  and  ten  per  cent,  over  a  lino  seven  hundred  and 
fifty  miles  in  length.- 

"  If,  instead  of  the  comiwund  wire,  weighing  ono  hundred  and  forty 
pounds — only  about  three-eighths  the  weight  per  mile  of  the  iron — we 
make  it  weigh  the  siune,  namely,  thrt^»  hundred  and  eight  pounds  i>er 
mile,  its  mileage  ivsistance  would  be  only  four  and  five-tenths  ohms; 
and  if  it  be  [uit  u[),  as  in  tlie  last  example,  we  should  find  that  ninety 
lH»r  cent,  of  the  current  would  be  receivtnl  at  a  terminal  station  two 
hundred  and  thirtiH?n  miles  distant,  an<l  similarly  ten  per  cent,  at  a  sta- 
tion twelve  hundriHl  and  twenty-five  nnles  away. 

**  It  is  clear  that  the  principle  involved  in  the  foregoing  examples, 
namely,  transmitting  an  incn^astnl  percentagi^  of  the  current  by  means 
of  suiH^rior  conductivity,  t>r  insulation,  or  both,  is  applicable  to  the 
d<mble  transmission  and  other  intricate  systems,  as  well  as  to  the  work- 
ing of  long  ciivuits,  and  gi»neral  oiH»rations  in  humid  weather. 

"/HWfiJw/  (y)Wi/«r/iri7j^  luvomes  of  s[H>cial  im[M>rtance  to  those  sys- 
tems which  strive  for  gn*atly  incrt^asiKl  rapidity  of  transmission,  \v\v- 
ticularly  on  long  lines,  as  thi»  fenture  alone  aids  us  to  overcome  the 
n'taixlation  due  to  Intend  induction. 

*'  lt.s  s|HHMal  advantagt»s  art*  also  manitest  on  lines  which  may  Ih^  liable 
to  contact  with  ti\H»s,^as  the  iM»n*entagi*  of  a  eunxMit  which  will  jmss 
beyoml  a  given  local  fault  will  In*  gnMter  as  the  onduotivity  of  the 
wiiv  is  increastMl.  hi  other  wonls,  the  gm^Jitor  the  oouduetivity  of  the 
win*  the  less  the  t*mNi|H*  tVxwi  iU 

*'  We  have  IhuH  emUHivonnl  briotly  to  »et  forth  ii  few  of  the  advan- 
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tages  which  this  wire  offers  to  enterprising  contractors  and  companies 
which  desire  to  remove  the  odium  that  has  hitherto  been  the  standing 
reproach  of  American  lines." 

THE  MORSE  BATHOMETER. 

This  is  an  instrument  designed  to  aid  submarine  telegraphy  exhibited 
by  Sidney  E.  Morse  and  G.  Livingston  Morse,  of  New  York.  In  regard 
to  this  bathometer  the  pertinent  remarks  of  C.  W.  Siemens  upon  the 
apparatus  in  the  Exhibition,  in  England,  of  1862,  may  be  quoted.  He 
says:  "New  discoveries  and  inventions,  represented  most  likely  by  some 
ill-executed  model,  will  naturally  occupy  only  a  modest  position  among 
the  great  crowd  of  brilliant  objects  8urroun<liug  us  at  a  great  exhibition, 
and  are  overlooked,  or  only  half  appreciated,  until  their  real  worth  be- 
comes gradually  apparent,  iir  the  course  of  years,  through  the  results 
they  are  destined  to  produce.''  This  it  is  believed  very  aptly  applies  in 
the  present  case.  The  instrument  referred  to  attracted  little  attention, 
from  its  unpretending  size  and  a])pearauce,  and  the  jurors  who  examined 
it  evidently  misapprehended  or  overlooked  its  peculiarities.  Its  main 
principle  wa«  supposed  to  be  the  com]>ression  of  ?iir,  which  experience 
has  long  since  proved  cannot  be  successfully  used  as  a  means  of  ascer- 
taining the  depth  of  very  deep  water,  and  this  erroneous  impression 
probably  turned  away  the  attention  of  the  jurors  from  the  novel  contri- 
vances in  this  curious  instrument. 

The  Morse  bathometer  is  a  double  bathometer,  by  which  the  depth 
of  the  water  in  the  deepest  parts  of  the  ocjean  may  be  ascertained,  at 
one  sounding,  by  two  entirely  distinct  and  independent  methods. 
Messrs.  Morse,  in  the  course  of  their  experiments,  made  the  remarkable 
and,  in  its  applications  to  investigations  of  the  bottom  of  the  sea,  ines- 
timably important  discovery  that  small  hollow  glass  spheres  can  be  con- 
structed which  will  retain  their  buoyancy  in  the  deepest  parts  of  the 
ocean,  beii^g  neither  cnished  nof  permeated  by  water  under  the  enor- 
mous pressure  at  those  great  depths.  They  have  made  hollow  glass 
spheres  so  light  that  they  would  float  in  water  with  more  than  half  of 
their  bulk  above  the  surface,  the  spheres  being  between  three  and  four 
inches  in  diameter,  and  the  glass  lefes  than  a  tenth  of  an  inch  thick,  and 
they  subjected  these  light  and  fragile  bodies,  in  the  cistern  of  an 
hydraulic  press,  to  a  pressure  of  seven  tons  on  the  square  inch,  which  is 
the  pressure  at  the  depth  of  about  thirty  thousand  feet,  or  nearly  six  miles 
in  the  ocean.  The  spheres  came  out  from  this  severe  trial  of  their  strength 
and  impenneability  whole,  and  empty  of  everything  but  air.  In  the  con- 
struction of  their  bathometer  Messrs.  Morse  deposit  these  spheres,  in 
any  required  number,  in  a  tube  of  tin,  wood,  or  (fther  suitable  material, 
the  tube  being  commonly  of  four  inches  interior  diameter,  several  feet 
long,  ballasted  at  its  lower  end  so  that  it  will  stand  and  float  upright  in 
the  water,  and  surmounted  at  the  upi)er  end  by  a  conical  or  paraba- 
loidal  cap,  having  a  socket  on  the  top,  in  which  a  very  light  straight  rod 
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of  any  desired  length  may  be  securely  fastened.  When  a  sounding  is 
to  be  made  an  elong«ated  weight,  sufficiently  heavy  to  carry  the  whole 
instrument  »apidly  down,  is  attached  to  the  lower  end  of  this  upright, 
ballasted  tube,  and  so  attached  that  the  moment  a  small  weight,  which 
moves  in  advance,  striken  the  bottom  of  the  sea,  the  large  weight  will 
be  infallibly  detsiched  and  allow  the  tube,  b}-  its  own  buoyancy,  to 
ascend  with  the  rest  of  the  apparatus  to  the  surface.  As  this  instru- 
ment is  not  encumbered  with  a  line,  or  with  anything  causing  iiTOgu- 
larity  of  motion,  it  moves  through  the  water  with  uniform  velocity,  both 
in  its  descent  and  ascent,  and  the  time  of  its  disappearance  below  the 
surface  niiiy,  therefore,  be  taken  as  a  coirect  measure  of  the  dei)th  of 
the  water.  If,  for  example,  it  should  be  found  to  occupy  just  ten  min- 
utes in  descending  to  and  ascending  from  a  depth  of  one  thousand  fath- 
oms, its  disappearance  for  just  twenty  minutes  would  indicate  that  the 
depth  was  two  thousand  fathoms.  The  rapidity  of  the  descent  aiul  of 
the  ascent  of  each  instrument  will  be  Regulated,  of  course,  by  the  amount 
of  weight  suspended  from,  and  of  buoyancy  inclosed  in,  the  tube.  It 
can  easily  be  made  to  go  down  and  return  in  very  deep  wate^r  in  less 
than  a  t^^nth  part  of  tiie  time  required  when  a  line  is  used. 

But  this  bathometer,  as  has  already-  been  renmrked,  is  double.  In 
determining  the  depth  of  the  water  at  any  point,  Messrs.  Morse  do  not 
conline  themselves  to  calculations  based  on  the  interval  of  time  elapsing 
between  the  disappeanince  and  reappearance  of  their  instrument  at  the 
surface.  They  inclose  in  any  convenient  part  of  their  tube,  to  be  car- 
ried down  and  brought  back  with  it,  another  instrument,  which  enables 
them,  on  its  return  to  the  surface,  to  mark,  with  the  greatest  precision, 
the  true  depth  of  the  sea  at  the  place  of  the  sounding.  This  instrument^ 
which  is  based  on  the  principle  of  the  c<)mi>ression  of  water,  and  is  the 
proi)er  Morse  bathometer^  is  thus  constnicted.  A  glass  bottle  (it  may 
be  of  the  cai)acity  of  a  pint,  more  or  less)  is  completely  filled  with 
freshlv  distiUed  water,  an<l  closed  at*  its  neck  with  an  India-rubber 
stopper.  Through  the  center  of  this  8to])per  passes,  longitudinally,  a 
shori  glass  tube  of  very  small  bore,  oi>en  at  both  ends,  and  extending 
beyond  the  stopper  in  both  directions,  namely,  an  inch  or  more  within 
the  bottle  and  two  (U-  three  inches  on  the  outside.  One  end  of  an  India- 
rubber  tube  three  or  four  inches  long,  open  at  both  ends,  and,  when 
oiK*n,  of  about  an  inch  in  diameter,  is  then  passed  over  the  neck  of  the 
bottle  and  made  tight  there  by  winding  around  it  line  wire  or  cord, 
which  presses  it  close*  to  tlu*  glass.  The  bottle  is  then  sunk  in  a  vessel 
of  distilled  water  till  the  water  rises  above  the  mcmth  of  the  India- 
inibber  tul)e,  which  is  held  up  and  oi)en  to  receive  it.  Mercury,  suffi- 
cient to  till  Uie  tulH»  tojhe  extent  of  one-half  or  more  of  its  capacity,  is 
then  i)oured  in,  the  mouth  of  the  tubi»  cIoschI,  and  a  <*onl  or  wire  woimd 
tightly  around  at  the  en<l,  under  water,  thus  converting  the  India-rubber 
tube  into  a  bag  filled  in  nearly  equal  portions  with  mercury  and  distilled 
water.    On  inverting  the  bottle,  the  mei-cury,  from  its  8i)ecific  gravity, 
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occiipie.'*  tlie  lower  luilf  of  tlic  Itidia niblwr  Iihk.  uuii  Itepjis  tiu^  wat^r 
from  ntrcss  to  tin-  lower  orifice  of  tlie  gliww  tube,  wliitih  pu^scH  now 
fixnn  f  be  bottom  of  tbe  hag  tliruugli  tlie  wtopper  into  the  bottle.     When 
this  iKittle  of  waU'r,  thns  prepared,  is  plaeed  at  the  bottom  of  the  Bea, 
the  pressiu-e  of  the  fstema]  sea  water,  aeting  tliroufjh  the India-mblieT 
baff,  and  throiiRli  the  niertnry  in  the  bag  and  in  the  glass  tnbe.  eoiii- 
presses  tlie  ftt'sli  water  in  the  bottle,  and  the  inercnry  is  fonwHl  ti'om  the 
bag  into  the  Ivottle  to  fill  the  void  eaused  by  the  eonii)reasioii.    The  quan- 
of  the  mercury  forced  into  the  bottle  is  a  i>erfeet  measure  of  the 
nt  of  the  compression  of  the  water,  and  this  co«ipreK.siou  is  always 
'«xactl.v  proportioned  tu  the  height  of  the  compressing  cohunn — thnt 
is,  of  the  depth  of  the  sea.     It  is  only  neoessaiy,  therefore,  to  mcasnre 
the  mercury  foreed  from  the  bag  into  the  bottle  to  know  with  the  great- 
est precision  tlie  depth  of  the  sea  at  the  lowest  point  of  descent  of  the 
iMittle.    Ti>  facilitate  the  measuring  of  the  mercury.  Messrs.  Moi-se,  iu 
eonstrnctiiifi  their  bottle,  canse  a  ghiss  tnbe  several  inches  long,  of  even 
bore  and  closed  nt  the  outer  end,  to  be  inserted  in  the  end  of  the  l>ottIe 
OpIKUiite  to  the  neck,  so  that  ou  inverting  the  bottle  the  mercury,  which 
first  rests  in  the  neck  on  the  3t<ipperj  lalls  into  this  meter  tulie,  \\  liiih 
graduat^l,  itnd  thus  shows  the  depth  of  the  sea  by  the  heiglil  of  tlj«' 
sorj',  as  iu  the  bartimetpr  and  thennoraeter  the  height  of  the  mer- 
fy  iudieates  the  weight  and  heat  of  the  air. 
,8  the  bulk  of  all  lifinids  is  greatly  affected  by  temperature,  as  well 
by  pressure,  the  indiciitiiins  of  any  bathometer  based  on  the  princi- 
of  the  comiiression  of  water,  iu  the  constnu-tion  of  which  this  eon- 
irntion   has  been  overlooked,  will   be  wholly  unreliable.    Messin'. 
lorse  have  guarded  eiTcctually  against  all  error  from  this  soun^e,  us  the 
liottle  eoutaiuing  the  water  which  they  compi-ess  is  kept  during  the 
whole  period  of  every  sounding  in  a  small  wooden  "(yise  8«rroiuide<I  by 
ii-e,  an<l  the  temperature  of  its  contents,  therefore,  is  always  precisely 
thirt.y-two  degi-ees  of  Fahrenheit.    It  is,  of  course,  not  necessarj^  to  send 
down  a  de^p-sea  therm oiru^ter  with  their  instrument, 
The  following  are  atuoug  the  advantages  of  the  Morse  bathometer : 

The  rapiditi/  with   irhU-li   il  ihirn  iU  xvori, — Six   hours  ami  more, 

ii  said,  are  coniiiioidy  (oiisumed  iu  paying  out  and  hauling  in  a 

le  with  a  sinker  atliu-lied  t^i  it  in  water  two  thousand  fathoms  deep. 

The  Morse  I  ml  lnjmeter,  it  is  eatinmted,  can  be  made  to  go  down  tw  this 

depth  and  return  in  less  than  thirty  minutes. 

2,  The  Ctirtiiiiity  of  ita  operutha. — When  properly  coastnicted,  it 
it  can  never  fail.  The  various  contrivauees  for  soniiding  the  sea  by 
sinking  weights  or  instruments,  which  ai'e  i-ai^ed  again  with  a  Ijue  from 
the  Iwttom,  fail  ao  fi-eijuently  iu  very  deep  water  that  exuJorers  have 
now  abandoned  tlie  tral  of  them  there,  and  it  seems  to  be  generally 
admitted  t)y  scientifle  men  that  in  the  greatest  dei)ILs  of  the  oeeau  no 
reliable  sonuding  has  ever  yet  l)een  made.  In  the  Morse  bathometer 
tlie  weight  always  canies  the  instniment  to  the  bottom;  the  dotiichmeut 
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of  the  weight  at  the  bottom  is  made  by  their  de^ice  perfectly  certain, 
and  when  the  weight  is  detached  the  rest  of  the  appamtiis  can  never 
fail  to  rise  to  the  siuface. 

3.  The  Morse  bathometer  is  automatic. — ^The  momentarj'  attention  of 
a  single  operator  is  all  that  is  nexjessary  to  effect  a  sounding  in 
the  greatest  depths  of  the  ocean.  He  put«  ic^e  into  the  case  witli  the 
bottle,  marks  the  latitude  and  longitude  on  the  tube,  s<Tews  the  long, 
straight  rod  into  the  socket  at  the  upper  end  of  the  tube,  hangs  the 
weight  on  the  hook  at  the  lower  end,  and  drops  the  instniment  into  the 
sea.  It  then  takes  care  of  it^»lf.  By  its  own  power  it  moves,  rapidly 
and  uniformly,  from  the  siuface  to  the  bottom,  deposits  it«  load  there, 
and  returning  as  rapidly,  or  (if  <lesired)  more  rapidly,  to  the  surface. 
The  operator  need  not  even  wait  to  pick  it  up.  The  tube,  with  the  bot- 
tle which  it  incloses  and  the  rod  which  rises  from  it  into  the  air,  will 
live  and  ride  ta-iumphantlj^  above  the  surface,  amid  the  lashings  of  the 
waves  and  winds  of  all  the  storms  it  ma^'  encounter,  and  whoever  picks  it 
up,  at  any  time  or  at  any  place,  however  distant,  may  know,  mei^ly  by 
examining  the  bottle,  the  true  depth  of  the  sea  at  the  point  marked  on 
the  tube,  and  nmy  publish  the  information  to  the  world.  If  he  chooses 
he  nmy  then  mark  on  the  tube  the  time  when,  and  the  latitude  and  lon- 
gitude of  the  place  where,  the  instrument  was  picked  up,  adjust  the 
bathometer  by  dropping  the  mercury  into  the  bag,  and  re-inserting  the 
stopiwr  in  the  neck  of  the  bottle,  put  ice  in  the  case,  hang  a  new  weight 
on  the  hook  of  the  detaching  apiiaratus,  and  cast  the  whole  instrument 
again  into  the  sea,  to  be  again  picked  up  by  another  person  at  another 
place;  and  thus  one  instrument,  in  process  of  time,  may  be  used  to  make 
scores  or  hundreds  of  soundings,  at  the  cost  for  each  sounding  of  only 
the  bug  of  sand  required  to  sink  the  instrument,  the  few  ounces  of  ice 
that  surround  the  'bottle,  and  the  few  minutes  of  time  occupied  in 
readjusting. 

4.  The  ma^hvnaticil  accurtcj/  of  iU  mirks  of  depths.  —  The  Morse 
bathonu^ter  in  its  iiulications  of  depth  is  not  aflected  by  currents. 
A  line,  during  the  long  time  consumed  in  its  descent,  may  be  so  swayed 
by  currents  and  counter-currents  that  a  length  of  twice,  and  more  than 
twice,  the  peri>endlcular  dei)th  of  the  water  may  be  required  to  reach 
the  bottom.  The  measure  of  the  depth  of  the  sea  by  a  line  is  there- 
fore eminently  unreliable;  but  this  instiument,  constnicted  on  the  [uin- 
cii)le  of  the  comi)ression  of  wati»r,  which  is  always  precisely  as  the  per- 
j)endicular  height  of  the  compressing  column — that  is,  as  the  depth  of 
the  sea,  without  regard  to  currents — must  nmrk  this  depth  with  scien 
tillc  precision. 

5.  The  cheapness  of  the  instrument. — A  tin  tube  a  few  feet  long  and 
thrtM*  or  four  inches  in  diameter;  four  or  live  hollow  glass  spheres 
of  a  size  adapted  to  the  tube;  a  small  glass  bottle  in  a  wooden  ciisey 
three  or  four  ounces  of  mercury;  a  light  tishing  rod,  ten  or  twelve  feet 
long)  with  any  glittering  substance  at  the  end  that  will  attract  attention 
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at  a  distance ;  and  a  twenty-pound  weight,  which  can  be  made  for  a 
dime  by  casting  plaster  of  Paris  into  the  form  of  a  long  narrow 
backet,  and  tilling  the  bucket  with  sand  or  stones  —  these  are  the 
items  in  the  cost  of  an  instrument  with  which  the  greatest  depths  of 
the  ocean  can  be  sounded,  quickly,  certaiuly,  automatically,  and  with 
perfect  scientific  exitctness. 

Is  it  too  much  to  expect  that,  with  the  facilities  afforded  by  this  in- 
strument', we  shall  soon  have  at  least  one  sounding  on  every  square  mile 
accessible  by  ships  of  the  three  fourths  of  the  surface  of  the  earth  cov- 
ered by  water,  and  that  with  these  soundings  artists  will  construct  a 
perfect  model  of  the  bottom  of  the  sea,  in  which  all  its  dei>ressions  be- 
low the  level  of  the  surface  will  be  minutely  and  accunitely  represented  f 
IIt>w  long  will  it  be  before  we  can  have  an  equally  accurate  map-in- 
relief  of  the  one-fourth  of  the  earth's  surface  that  rises  above  the  water  f 
Not  until  man  has  visited  every  square  mile  of  Central  Africa,  of  Cen- 
tral Australia,  and  of  every  empire,  and  every  island  from  which  he  is 
now  excluded  by  inhospitable  climates  and  inhospitable  men. 

Strange!  that  the  bottom  of  the  sea — the  widest  field  of  the  geogra- 
pher, three-fourths  of  his  entire  field,  hitherto  covered  w  ith  a  thick  veil, 
defying  all  attempts  to  i)enetrate  it — should  at  last,  by  such  simple 
means  be  opened  everywhere  for  the  investigation  of  everybody,  so 
that  the  true  shape  of  its  whole  vast  expanse  can  now  be  more  readilj', 
accurately,  and  minutely  dotted  down  on  paper,  and  represented  in 
sculpture,  than  the  ^true  shape  of  any  large  district  of  the  drj'  land 
inhabited  by  man  and  revealed  daily  in  the  light  of  the  sun ! 

PROPOSED    NEW   MODE   OF    LAYING   AND    RAISING   SUBMARINE    TELE- 
GRAPH CABLES. 

Messrs.  Sidney  E.  Morse  and  (J.  Livingston  Morse,  of  New  York,  i)ro- 
IHwe  a  new  method  of  laying  submarine  telegraph  ciibles.  Submarine 
telegraph  cables  have  hitherto  been  laid,  as  nearly  as  [KKSsible,  in  one 
c«mtinuous  straight  line  on  the  bottom  of  the  sea.  It  is  obvicms  that 
when  a  cable  has  lx*en  thus  laid,  it  cannot  be  raised  from  the  bottom  to 
the  surface  in  the  <leep  sea  without  bivaking  it,  and  then  raising  suc- 
cessively each  of  the  two  parts,  and  that  it  cannot  lie  rei>5ured  there  and 
relaid  without  splicing  to  the  two  brok(»n  ends  new  cable  of  a  length 
ei{\ii\\  to  at  least  t^vice  the  di»pth  of  the  s(*a  at  that  point.  3Iessrs.  Morse 
proi>osc  to  lay  the  cable  on  the  whoh*  line,  in  the  first  instance,  in  such 
a  way  that  it  can  l)e  raisi^d  at  any  time  for  iH»pair,  or  for  any  other  pur- 
f  os(\  at  any  assigned  station  or  stations  on  the  line,  and  then  ivlaid, 
without  breaking  it. 

In  laying  a  submarine  cable  entirely  across  the  <K*ean,  Messrs.  Morse 
pn>iM>se  to  employ  two  vessels.  The  first  and  larger  vessel  is  to  carry 
the  telegniph  cable  in  anj'  required  length,  either  enough  for  tlK*.  whole 
line,  or  for  one  or  more  sections  of  the  line,  as  may  Ik*  desiretl,  together 
with  the  onlinary  apparatus  for  laying  this  cable  on  the  bottom  of  the 
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sea.  The  second  and  smaller  vessel  is  to  carry,  first,  a  lifting  cable,  long 
enough  at  least  to  reach  the  bottom  of  the  sea  at  the  deepest  point  on 
the  line,  and  strong  enough  to  support  a  weight  equal  to  the  weight  in 
water  often  miles  of  the  telegraph  cable,  if  the  depth  of  the  sea  on  any 
part  of  the  line  should  be  as  much  as  two  miles,  and  proportionaUy 
stronger  if  the  water  slumkl  be  deeper,  this  lifting  cable  ha^ing  firmly 
attached  to  its  lower  end  a  strong,  heavy  iron  ring,  seven  or  eight  inches 
or  more  in  diameter;  and,  secondly,  as  many  properly-constructed  inm 
hooks  as  there  are  stations  on  the  line,  at  which  provision  is  to  be  made 
for  raising  the  telegraph  cable ;  each  hook  to  be  stnmg  enough  to  sup- 
port the  ten  miles  or  more  of  telegniph  cable ;  the  shank  of  each  hook  to 
be  provided  at  short  intervals  with  five,  six,  or  more  barbs,  all  pointing 
downwards,  but  in  various  <lirections,  each  barb  being  as  stout  and 
strong  as  the  hook  itself,  and  the  shank  tennimiting  in  an  eye,  in  which 
is  firmly  fastened  the  end  of  a  galvanized- iron  wire  roi>e;  it  may  lie  five 
or  ten  miles  long,  or  more,  and  between  one-eighth  and  one-fourth  of  an 
inch  in  diameter;  the  strands  of  this  wire  rope  to  be  untwisti»d  at 
suitable  intervals  to  embrace  wooden  ciises  in  the  form  of  cylinders, 
alxmtfour  inches  in  diameter  and  of  indefinite  length,  but  with  ta|>ering, 
conical  ends ;  the  cylindrical  i)art  of  each  wooden  case  to  contain  a  sufii- 
cient  number  of  three-and  a-half-inch  hollow  glass  si)heres  to  give  the 
wire  rope  any  re(iuire<l  buoyancj^at  any  required  intervals. 

Thus  freighted  the  two  vessels  leave  a  terminus,  let  us  suppose,  in 
France,  to  proceed  along  the  arc  of  a  great  circle,  nearly  due  west,  to 
Newfoundland,  a  distance  of  about  two  thousand  miles,  to  lay  the  telegrai)h 
cable  so  that  it  nmy  be  raised  at  any  futui*e  time  without  breaking  it,  at 
any  one  of  nineteen  stations  one  luuidred  miles  apart.  The  smaller  ves- 
sel goes  alieml  on  a  nearly  due  west  course,  and  is  followed  by  the  larger 
vessel,  from  which  the  telegniph  cable  is  payed  out  and  laid  on  the  bot- 
tom of  the  sea  in  the  usual  way.  After  the  smaller  vessel  has  proceeded 
one  hun<lrtMl  miles  it  stops,  turns  with  its  bow  to  the  north,  and,  one  of 
the  hooks  having  been  suspended  from  its  stern,  with  the  ring  at  the  end 
of  the  litting  cable  under  one  of  the  barbs  on  the  shank  of  the  hook, 
waits  for  the  larger  vessel,  which,  as  it  paSvses  on  its  westerly  course, 
deposits  its  cable  in  the  hook  and  [iroceeds  until  the  telegraph  ciible  rests 
ag}iin  on  the  lH>ttom,  leaving  a  certain  length  susiiended  from  the  stern 
of  the  snmller  vessel  in  the  form  of  two  catenarian  curves,  extending  each 
from  the  hook  to  the  bottom  of  the  si»a,  one  in  an  easterly  and  the  other 
in  a  westerly  <lin*ction.  If  the  dei)th  of  the  sea  at  that  i)oint  should  be 
two  miles,  the  h\khh\  of  the  larger  vessel  in  laying  the  cable  could  be  so 
ivgulate<l  that  the  span  between  the  two[)oints  at  which  the  cable  would 
touch  the  bottom  wcuUil  Ik*  eight  miles,  and  in  that  casi*  the  length  of 
cjibh*  inchuUnl  in  the  two  catenarian  curves  would  Ih>  alH>ut  nine  miles, 
and  the  lnN)k  and  lifting-cable  would  8upiM>rt  nine  miles  of  telegraph 
c«iblo  at  the  stern  of  the  suudler  vesm^  The  snmller  vessel  should  then 
procecil  duo  north  for  two  miles,  the  lifting-cable  meanwhile  being 


Htflmml  la  siuk  ami  iiiiwiucl  \tno]{  lYitm  a  i-wl  till  tliP  wIioIp  of  the  nine 
^bik-s  itf  telvKTapli  mblt-  iiiHuiU-il  in  tli>>  rntoriiiriim  curves  ih  il(>|ioitit«<l  un 
Hhebtittiiiu  oniio  M>a,a.'<notirl,viiM  [xissi lili.'  ut  i'i(;lit  aitgleH  to  tlie  jfftHTuI 
niiui-M>  at  lilt-  n'st  of  the  \Uiv.  T\w  lilliuK-nil)U'  .shoiilil  IIhui  Ik-  iiumIi%  liy 
Itlif  wfijilit  wf  the  ring  «t  it«  end,  to  <lcta<li  il-si'lf  froiji  tlie  Ii(M(k,  and 
UlMHtld  b«-  drawn  ap  and  wound  again  aronnti  ils  ii-i'l  in  tliP  smaller  veti- 
■ai4,  whtcli  lOinitId  nil  the  while  ho,  contlniiiiif;  on  it«  i-onrse  due  north 
^^lyini;  out  the  inm-wire  roi>e  und  it*  incloitfid  gliws-sphuru  buoys  to  any 
■^(■sitvd  distance — five  niilei*,  or  tt'u  uiile.-t,  or  mon"  if  deemed  expeilient. 
HCbo f[alvjinixetl-ln>n  wii%  nii>G  should  hv-  niudu  to  Icmiinatt^  in  nn  unclior, 
Kinil  wiu'W  this  anchor  is  dropiwd  in  the  m\a  the  rope  may  l>e  made,  by  a 
H^viiras  proiHT  dlNjiONition  of  the  glasH-Hpliere  huoys,  to  uKsuinc  any 
■iMuvfl  form,  filhiT  th»t  of  one  long  ar(;h  or  of  a  sneees»iou  of  arches, 
KMwng  in  tfa(>  water  from  the  Imttom,  and  an  noiir  the.  bottom  or  an  far 
KhiiB  it  UH  may  lie  deemed  boHt^  Tlie  de|ioHit  of  the  anehor  at  the  end  of 
BUm9  lealvuniKctl-iniii  wire  mpe  eumpk-tej;  the  Iitying  of  the  fIrHt  xeetioii  of 
BUu*  lino,  and  thy  other  .<ux^^llonH  may  be  laid  by  rei>eating  the  whole  pro- 

■  The  priH-ei^K  of  mising  a^ ain  to  (he  Horfaee  a  telegr^pli  eatite  thus  laid 
Hi  vor^'  Mimple.  Tlie  latitude  and  hnigitnde,  both  of  the  hook  and  of  the 
■■nrbiir  of  llie  wire  rujie,  it  shonhWtave  been  renuirkc^l,  must  lie  ae<;n- 
Httlrly  tnkvn  when  tiitS  nn-  de)>osit«^sl  on  the  bottom  of  the  aea  When 
Hbf*  tvli*gntph  i-uble  is  to  be  raised,  the  smivller  vex^'I,  with  tfao  liflmg- 
Hable  iiu  board,  and  ii  kuuiII  line,  long  enough  to  reach  nearly  to  the 
^bdUmii  of  the  sea,  mid  having  aRuiall  hook  nrgr-apple  of  [>ro]>er  eonstnic- 
Hton  til  Its  lower  end,  uiust  Iw  )ieiit  to  any  point  of  latitude  t>etween  the 
Hhuilntitt  of  the  hook  ivnd  the  latitude  of  the  anchor  of  the  wire  rope,  and 
^n  any  mi^idian  within  a  few  miles  either  eaitt  or  west  of  that  on  which 
Hpie  wire  ro(>c  is  tlonting  twhiw,  Riipported  by  the  eucaaed  glasa-spherc 
^BOiuya.  With  the  small  line  UetK-nding  from  its  st<'rn,  and  extending, 
Kpikh  its  fiuker  aud  hook,  nearly  to  the  bottom  of  the  sea,  the  vessel 
^pnut  tlii'ti  lie  move<l  to  the  east  or  to  the  west,  till  this  line  shall  rroKs 
Bne  wlfv  m]H<  and  bring  it  to  tbesurfuee.  When  brought  to  the  surtjiou 
Bpu)  win?  nii>e  must  lie  [uirteil,  and  the  part  cMnneeted  with  the  unebor 
Ininporarily  buoyed,  while  the  end  of  tlie  other  part  is  luken  on  board 
^ne  vewcl.  nnd,  Mfter  parsing  the  heavy  iron  ring  of  the  lifting-cable 
Btorer  il,  mnst  lir  held  on  board  until  l)n>  ring  rairies  the  lifting-cable 
Hfewn  l»  the  bottom,  the  wiiv  ro]ie  guiding  it  till  ibe  ring  {Kisses  tlie 
^wriw  0)1  the  Hhauk  of  the  hook  whieh  holds  the  telegruj'h  e<tble  in  its 
^tfssp.  Tlien.  by  drawiug  up  the  liftingeable  the  ring  will  ejitch  under 
^ww  ut  the  tiarlM  of  the  hook,  and  by  euntiuuiug  to  druw  up,  while  tlio 
Bnaller  whmA  Is  movtnl  tno  miles  on  a  southerly  course,  or  ou  a  course 
Blreolly  uppo^ihr  to  that  puiHiieil  in  laying  it,  the  part  of  the  telegraph 
BbWp  inidiided  originally  Ui  the  (wo  caleminan  eun-es  will  be  raiaed 
^■nptal  U>  titK  surfavr  without  being  broken. 
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Among  tbe  advantages  of  this  mode  of  laying  submarine  telegraph 
cables  are  the  following : 

Ist.  All  risk  of  losing  the  cable  while  laying  it  is  avoided.  More  than 
three  hundred  miles  of  the  Atlantic  telegraph  cable  of  1857  were  finally  lost, 
and  more  than  half  of  the  Atlantic  telegraph  cable  of  18G5  was  temporarily 
lost,  while  tlie  operators  were  in  the  act  of  laying  them.  These  losses 
would  not  have  occurred  if  those  cables  had  been  laid  on  the  plan  here 
proposed  and  described.  After  the  parting  of  the  telegraph  cable  in 
eac.h  case  the  vessels  would  have  returned  to  the  last  raising-station 
with  a  lifting-cable,  and  after  rais  ing  the  telegfaph  cable  from  the  bot- 
tom to  the  surfiice  at  that  point,  the  operators  would  have  undemin  the 
raised  part  till  they  had  come  to  tlie  broken  end,  spliced  this  end  to  th 
broken  end  of  the  cable  in  the  ship,  and  proceeded  with  the  work  of 
laying  the  cable  on  the  bottom. 

2d.  The  rivSk  of  losing  the  cable  after  it  has  been  laid  is  divided  by  the 
number  of  raising-stations  on  the  line.  The  Atlantic  telegraph  cable  of 
1858,  although  successfully  laid  through  its  whole  line,  after  a  few  days 
of  feeble  life  was  totally  and  finally  lost.  ]^o  one  knows  where  or  what 
was  its  malady.  It  may  have  been  confined  to  a  few  feet  or  to  a  single 
ix)int  on  the  line.  If  it  had  been  laid  on  the  plan  herein  proposed  the 
place  of  the  fault  might  soon  have  been  found,  the  defective  part  might 
possibly  have  been  easily  removed,  and  the  wliole  cable  restored  to 
permanent  and  efttcient  life. 

3d.  Tlu»  danger  of  encountering  storms  and  fogs  while  lajing  the  cable 
is  avoided.  On  the  plan  proposed  by  Messrs.  Morse  the  cable  is  laid  by 
sections,  and  after  one  section  is  laid  the  work  may  be  left  for  weeks,  or 
for  any  length  of  time,  and  then  resumed.  The  sections  may  be  of  such 
length  that  a  single  section  can  be  laid  in  a  single  day ;  and,  if  the  day 
is  judiciously  selected,  embarrassment  from  the  weather  will  rarely  occur, 
and,  when  it  does  occur,  will  be  of  comparatively  little  importance;  but 
when  the  cable  is  laid  in  one  continuous  line  for  two  thousand  miles  with- 
out sto])ping  during  the  fourteen  days  neccessar>'  to  lay  such  a  length  of 
line,  experit»nce  proves  that  it  will  be  very  difficult  to  avoid  serious 
embarrassment  fmm  th(»  weather,  even  in  the  most  favorable  season  of 
the  year. 

4th.  Ia'sh  length  of  cable  will  l>e  required  to  connect  the  termini  of 
the  line.  The  lengtli  of  cable  actually  used  to  connect  the  termini  in 
Ireland  and  Newfi»nndhind  of  the  Atlantic  telegraph  cable  of  1858  was 
about  fifteen  per  cent,  greater  than  the  distance  of  the  twoiK)ints  from 
each  other,  measuretl  on  the  arc  of  the  great  circle  bi^tween  them,  and, 
in  the  cabh*  of  1H(>0,  it  was  alnmt  twelve  iH»r  cent,  greater.  Asthisdis. 
tance  in  each  case  is  nearly  two  thousand  miles,  it  is  clear  that  more  than 
twt)  hundnMl  miles  of  telegniph  eabh»  wert»  lost  by  unnece^ary  slack  in 
attempting  to  lay  the  cable  across  the  Atlantic  0<tmn  in  one  continuous 
straight  line  under  circumstances  un<*onunonly  favorable  to  economy  in 
the  length  of  cable  used;  for,  in  IHIHJ,  the  weather  was  so  favorable 


the  Hbips  dpviated  verj-  Uttl<-  JVom  the  trne  lino  in  their  (^oiino.  The 
M  or  Ihew  two  buiiilrt'd  miles  is  not  meivly  the  loas  oC  Ihe  c<wt  nl'  so 
nnh  csl>)<r,  lint,  ra  mi>i-<>  words  coiihl  Ix^  tT-nnHiiiittetl  thron^h  thi^  caKIu 
any  giviiti  f  imw  if  it  were  two  hiindrcd  iiiilpM  mhnrtttr,  tin-  loss  will  mm- 
ntH)  lit  (m*  IHt  through  th<^>  whole  ltl'«  of  thi*  (rahh^  in  tho  Uiminutjon  of  ita 
i|)ttrity  1o  i-ura  inromv.  It'  tho  eiMv  hitd  Ixwii  luid  in  m-cUohh,  on  tlic 
lui  |rrotioM.-d  liy  Messrs.  MorH<,  and  had  li«i;ii  varff'iilly  iiiid  dolihenitely 
npunthnt  |>Im),»n4;rsoinidiiigH  nt  vt-ry  short  iiitviTuls  iilonijthe  litie 
ith  tb<<  aid  of  Iht*  Imthonit^tvr  of  Mos.srs.  Morse,  it  could  have  tiM'ii  mii«)« 
vonlVirni  «o  nM-nratfly  to  the  arc  of  the  great  circle,  and  to  all  the 
rvILs  aoi)  hollows  of  tho  trntt^ini  of  the  sea,  tlint  the  slaa^ik  might  hare 
tulmtwrvniifiuHl  to  the  stations  at  which  it  would  have  bctiti  pnr- 
wwly  mii()t>,  in  iirddr  to  t'linii^li  itt  those  i*t»tionR  the  necvasary  uiuids  for 
ifltng  tlic  cable  from  I  lie  liottom  to  the  surfuce  without  breaking  it.  The 
Mofeuble  by  »Ia«k  at  one  of  these  stations,  a  loss  by  which  an  advnn- 
gp  ao  dettirable  ia  gaiiieil,  need  be  only  one  inilo,  even  when  the  water 
two  mites  ileep,  a»  bus  been  already  stilted  in  the  account  of  tlu-  Morse 
|ri)rL<»8i>nikyin)ir  tbe<^ble.  The  h)ss  at  twenty  stations  ufed,  of  conrsi', 
utity  twi'iiiy  niileis  or  lus.«  than  one-lenlb  part  of  l.he  length  siiiicrdii- 
expcndod  in  tliv  method  hitherto  [>nr8ued  in  laying  Mubinarine 
Hvgiupb  i:ahlMi. 

Instead  of  a  liftiog-cable,  Mofwra.  Morse  propose,  in  some  eauw,  to  send 
'iwn,  to  be  attaobedto  one  of  the  barbs  on  the  shank  of  the  hook,  a  buoy, 
MUpowtHl  of  very  large  hollow  glass  spheres,  inclosed  in  a  tribe,  the 
being  siiftSeieiit  in  number  and  biioyaiiey  to  siijiport  an*I  raise 
lUgfa  the  w«t«r  to  the  surfuctf  the  whole  ol'  that  pnt-t  of  the  telegraph 
ioclndetl  origituilly  in  the  cuteuHiriiin  curves.  Tbey  would  put  the 
B\-j  Iron  ring  over  the  ond  of  the'  gnlvftuizodiron  wire  rope  held  on 
iml  of  iJiH  ves.scl,  and  then  uttftoh  the  buoy  to  tlie  upiter  side  of  the 
ig,  while  Ml  the  lower  side  lliey  would  attach  a  weight  siUHctently 
iiTy  to  draw  the  buny  ahiwly  to  tlie  bottom.  After  the  ring,  guided 
tliv  win'  nipe,  bus  puj^sed  Uie  barbs  im  tiie  Hbank  of  the  hook  at  its 
(the  b<Jok  which  holds  the  telegraph  cable  in  its  grasp,)  Messrs. 
woald  raiise  the  weight,  by  a  siui|ile  device,  'o  detach  itself  fi-on 
W-riuu,  and  the  riug  would  then  be  drawu  under  one  of  the  b»i'1>K  by 
w  Utuiy,  which,  at  first  ver>'  rapidly  and  afterwartls  slowly,  would  rise 
nd  ilmw  the  (elegra|)h  cable  to  the  surface.  The  weight  may  be  tnade 
t  Nttle  rtmX  by  inclosing  sand  and  stone  in  a  l>ag,  or  in  any  suitable 
luMp  ti]at«riul.  %  this  mode  of  raising  tho  telegraph  cable  the  time 
nd  bibor  of  men  at  a  windlass  would  bo  r)isi*onsed  with.  The  whole 
'orit  wuald  be  purfornie<l  autoinatii'Ally  by  the  l)Uoy  uiiil  the  weight,  and 
Bt  ihv  e\|<vii'^e  only  of  the  sand  iiec4;ssar)'  to  sink  the  buoy  from  the  sur- 
T'lin,  and  the  calile  would  Ite  raii^-d  far  more  speedily  oiid 

ihia  process  than  it  could  be  by  human  labor. 
■■  ahto  proi<ose  to  apply  their  at)ove-descriln-d  method  of 
md  niisinga  long  galvaniiced-iron  wire  roi>e,sus)H*nded  by  iiicluaed 
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glass-sphere  buoys  in  the  form  of  an  arch  or  arches  near  the  bottom  of 
the  sea,  to  the  end  of  a  submarine  telegraph  cable  laid  in  one  continuous 
straight  line  from  a  station  on  shore  to  any  assigned  point  of  latitude 
and  longitude  in  mid-ocean,  which  point  would  thus  be  constituted  a 
telegraph  station  on  the  bottom  of  the  sea,  accessible  for  use  by  the 
master  of  any  ship  who  should  have  a  telegraph  instrument  on  board, 
and  a  small  line  long  enough  to  reach  the  bottom  at  that  point,  and  who 
might  be  acquainted  with  the  latitude  and  longitude  of  the  mid-ocean 
termhms  of  this  telegraph  cable,  and  also  with  the  latitude  and  longitude 
of  the  anchor  at  the  outer  end  of  the  galvanized-iron  wire  rope.  Knowing 
these  points,  and  allowing  the  small  line  with  a  sinker  and  hook  at  its  outer 
end  toxun  out  from  the  stem  of  his  ship  till  the  hook  approached  the  bot- 
tom, this  ship-master  would  cross  the  galvanized-iron  wire  rope  with  his 
small  line,  bring  the  rope  on  board,  and,  without  breaking  it,  underrun 
it  towards  the  telegraph  cable  till  he  came  to  the  light  insulated  cop- 
j)er  wire  in  which  the  telegraph  cable,  for  a  distance  equal  to  the  depth 
of  the  sea  at  that  point,  should  be  made  to  terminate,  and  then,  by  con- 
necting this  insulated  copper  wire  with  his  telegraph  instrument,  he 
could  send  and  receive  communications  to  and  from  the  shore.  After 
doing  this  he  might  drop  the  iron  wire  rope  and  the  light  insulated 
copper  wire  into  the  sea,  and  they  would  automatically  assume  the  posi- 
tion from  which  they  were  raised,  and  be  ready  to  render  their  services 
to  any  other  ship-master  traversing  that  part  of  the  ocean. 

EXHIBITOBS  OP  CABLES. 

Specimens  of  cables  were  also  exhibited  by  J.  L.  A.  Machab^e,  46  Rue 
de  Veuves,  Paris  5  by  Rattier  &  Co.,  4  Rue  des  Fosses,  Montmartre ; 
by  A.  Holtzman,  of  Amsterdam ;  by  W.  T.  Henly,  27  Leadenhall  street, 
Loudon;  by  William  Hooper,  7  Pall  Mall,  London;  and  by  D.  Nicoll, 
Oakland's  Hall,  Kilbum,  London. 

INSULATORS  AND  INSULATION. 

THE  BBOOKS  PABAFFINE  INSULATOB. 

Tliis  insulator  was  exhibited,  but  is  not  in  the  catalogue.  The  Brooks 
insulator  has  a  wide  popularity.  The  tests  of  its  efficiency,  in  compari- 
son with  many  other  insulators,  show  it  to  be  deserving  of  the  popularity 
it  has  acquired.  It  is  extensively  sought  after  on  European  lines.  The 
only  plausible  drawback  is  the  apprehension  that  the  paraffine  may 
deteriorate  in  the  course  of  time.  Hitherto,  however,  it  has  stood  the 
test  of  years.  Whether  the  objection  is  a  substantial  one  £ime  alone  can 
determine.  In  conversation  with  some  of  the  jurors  at  the  Exhibition, 
this  insulator  was  spoken  of  as  the  best  that  had  been  submitted  to  them. 
There  is  an  insulator  in  use  in  India  called  the  "  Brooke  Insulator,"  which 
must  not  be  confounded  with  the  Brooks  insulator.  In  allndrng  to  the 
former,  the  director  general  of  telegraphs  in  India,  in  hia  return  to 


tItniDcnl,  wtyit:  "I  attrilniU- the  bad  workiu^of  IIiL<bEitt«rIiuUi)nUiuw 

H  the  dupartiD(!iit  bcio^j  iDllu;t4^l  witL  the  Umoke  bvackft  and  iitsulnt^ir, 

k  nt  wbioli  aru  mmt  tburoiighly  imfit  for  tbe  imrpoRe  for  wtii<-h  (hey 

t  dettipuetl.'"    The  Auieri«nii  Etfooks  insulator  i»  a  totally  dilfi^rvut 
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PHIC  APPABATDS,  STSL. 


day's  kebitb  insulatok. 


Tfco  kprite  cnnipcinntU  of  AiiHtiii  Gowlyeiir  Day,  meiitionpil  in  the 

ioHowiug  incoimr,  wcth  bouored  by  two  mediilit  uixl  mi  biinornlilo  nien- 

tloii  by  Uie  Jury  of  Uie  K\[Hi8ilioD  Univiirselli-,  to  wlioiii  tlie  «iibj«!t  was 

frnvd.      Tlietw  uwotiIm  covennl   other  proiluutti  tkuu  thv  ductrieal 

iblifjs  atul  iiisnlntorB  wblcli  are  the  Hpecial  object  uf  tbe  deM.-riptiv« 
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Tbe  cxhibitioti  uf  tiie  keiitc,  this  In-odnct  of  tbc  persfwring  la] 
1  expvrimi'iitK  of  Mr.  Day  for  so  many  years,  furuishfs  an  exaiii|d*. 
of  the  not  iufn-ipiout  iuappit-'cifttion,  or  raUier  overlooking,  of  an  iin-al- 
uafale  di;irovcr>',  wbvii  modcistly  proscTit<>(l,  an  in  tbiit  case,  among  thv 
B  atiowy  nrtiotos  by  which  it  was  snrrouu'lod, 
Trae,  it  recf  ived  houoraljk-  uiciitioii  as  "  artilioial  ludia-rubber,"  and  a 
timuKe  lutMlal  for  its  verj- limiled  application  to  '•  India-rubber  ojiwa;" 
biit  iii«  itniifrUtlve  value  an  a  siibt^titnte  in  insnlation  for  Lndia-riibber 
antl  giirt«-|HiTha  was  not,  for  it  could  scarcely  be,  appii<ciat(^,  prewiit^d 
Mit  wa«  simply  ill  out]  of  Jt^niore  ordinary  applications ;  so  that  hcedlcK» 
iBng]vt.*t  id  not  chargt^tl  upon  the  Jitrj',  but  it  is  mentioned  rather  asiinex- 
e  of  the  exist'enev  of  AU  uuuolicetl  i|unlity  iu  an  apparently  triHiug 
dtMnvary.  ncccssjirily  latent  to  auiwrflcini  inniiiry;  a  quality  which  is 
dnrtitml  iu  IIiih  cn»o  to  have  a  moat  im]>ortant  bearing  iipuu  subiuanue 
■nd  subterranean  trfegiaphy, 

Ibo  kerit<-,  in  its  eouditiou  simply  an  artiScial  rubber,  is  classed  under 
Unrap  V,  Class  44 ;  but  iu  its  application  to  telegraph  wires  as  an  inso- 
',  is  proi»©rly  treated  of  iu  the  present  Gmiip  VI,  Class  64. 
Tbe  following  memoir  u{ion  iiisulatiou  and  ]irotectiou  of  electrical  con- 
dndoRi  for  telegraphic  purposes,  describing  the  new  insulating  cover- 
Ing  lor  tcU'^rapliic  couductora  kiiowu  us  kerite,  of  Austin  G.  Day,  haa 
boMi  sup|i1ied  for  this  report  by  B.  Cdilliman,  professor  of  general  and 
^4itili(Hl  cheiniKlry  in  Yale  College: 

*-Atnoiig  the  American  products*  exhibited  at  the  Exi>oaitiou  at  raris 
B 1867  was  a  series  of  specimens  pi-oduced  from  a  new  artificial  caoiit- 
drnoc  |nt>pan>d  by  Mr.  Austin  G.  Day,  of  Seymour,  Oonnecticut. 

".:Viuonglheisespc4;imejiswasauew  telegrujihic  covering  and  insulator, 
trbich  cjm.stitutiHl  one  of  tbe  applteations  of  Mr.  Day's  invention.  The 
^roilact  iu  tliis  and  many  other  forms  m  termed  by  tbe  inventor  'kerite,' 
Mid  »t  tbe  Ex[>oHilion  it  v/tv*  [tresentt'd  as  it  existed  iu  1^67.  Since  that 
s,  huwever,  somi'  import^uit  improvemenla  have  been  made  in  Uie 
n  of  this  insulator,  which  reuder  it  yet  mom  completely  iode- 
etrtirtibh-  b^  natural  uiid  other  agencias  than  any  other  material  which 
n  jL-t  l^vu  discovered,  leaving,  iu  fact,  uotbing  more  t4)  be  deaired  in 
thin  din'ciiou.  Uy  means  of  these  improvements  the  use  of  a  consldi>r> 
g  pntportioD  of  tlie  sulphur  previously  employed  iu  the  vulcauixation 
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is  dispensed  with,  a  much  less  quantity  of  that  agent  sufficing  to  eff'ect 
\'ulcanization  on  bodies  thus  oxidized,  while  at  the  same  time  new  and 
highly  useftil  properties  are  developed,  m  virtue  of  the  less  liability  of 
the  kerite  produce<l  to  attack  by  oxidizing  agents,  like  ozone.  In  this 
manner  a  body  has  been  produced  which  resists  in  the  moat  remarkable 
manner  the  solvent  and  destructive  action  of  the  moat  powerfiil  chemi- 
cal reagents,  including  ozone,  while  preserving  all  the  required  physical 
qualities  of  perfect  insulation,  resistance  to  extremes  of  heat  and  cold, 
and  flexibility  with  firmness. 

^*  Action  op  ozone  upon  telegraphic  insulators. — In  the  course 
of  the  investigation  connected  with  this  subject  I  have  discovered  that 
the  most  destructive  of  all  agent-s  upon  these  insulators  is  an  ozonized 
atmosphere.  Exposed  for  a  short  time  to  such  an  atmosphere,  electrical 
conductors,  covered  with  the  most  carefully  prepared  English  gutta- 
percha  or  \'ulcanized  caoutchouc,  begin  eveii  in  a  few  hours  to  show 
signs  of  disintegration,  and  shortly  the  covering  breaks  up  and  cleaves 
off,  leaving  the  conducting  wire  exposed.  The  rapidity  of  this  action  is 
proportioned  to  the  activity  of  the  ozonized  atmosphere.  With  the  slow 
oxidation  of  phosphorus  as  the  source  of  the  ozone  at  temperatures 
below  12^  C,  the  action  is  slow,  requiring  one  or  two  days'  time  to  mmii- 
fest  itself  with  gutta-percha,  but  with  the  same  means  at  a  tempera- 
ture of  2(P  or  250  C,  the  action  of  the  ozone  becomes  much  more  rapid, 
and  will  sometimes  develop  itself  even  in  an  hour  or  less. 

"  This  is  esi>ecially  true  if  the  covered  conductor  is  coiled  in  a  close 
spiral  of  short  radius — e.  ^.,  of  two  or  three  centimeters ;  the  state  of 
tension  thus  produced  is  peculiarly  favorable  to  the  rapid  action  of  the 
destructive  agency  of  the  ozone. 

"  This  important  observation  I  have  confirmed  by  many  experiments 
variously  modified,  and  upon  every  description  of  insulating  material 
which  I  have  been  able  to  procure.  The  results  explain  why  it  is  that 
no  covering  for  aerial  lines  has  yet  been  discovered  which  will  withstand 
for  any  rejisonable  i>eriod  the  action  of  the  atmosphere  without  soon 
cleaving  off  and  hanging  in  shreds  from  the  conductor.  The  atmosphere 
is  never  without  this  allotropic  modification  of  oxygen,  and  its  action 
upon  the  insulation  is  not  the  less  certain  because  it  is  somewhat  slow. 

"  The  fact  of  greatest  practical  importance  in  this  connection  is  that 
certahi  specimens  of  Day's  kerite  have  withstood  perfectly,  in  my  exi)er- 
iments,  this  powerful  agent  of  destruction,  even  where  exposed  to  an 
atmosphere  so  highly  charged  with  ozone  as  to  destroy  in  thirty  minutes 
other  electrical  insulators  usually  esteemed  the  best.  I  have  continued 
such  trials  on  the  kerite  in  question  for  thirty  consecutive  days  in  such 
an  atmosphere,  without  developing  the  slightest  fault  in  the  covering. 
By  the  use  of  this  test  I  have  been  able  to  declare  to  the  inventor,  from 
time  to  time,  which  of  his  numerous  products  were  worthless  or  im- 
perfect, and  thus  to  eliminate  the  valuable  results  of  his  synthetic  exper- 
iments, until  at  last  he  has  obtained  a  product  which  Mly  meets  the 


cqttiranvntK ul*  the  i>t»l>]oui.  Ii-aviitg  iiotliiiiK  iiiotv  to  l>e  desirvd  in  thU 
linvtiotu  Fttr  u^iiul  and  iiiidi'i'({i'uiiii<l  vluctrioikl  cublcs  this  iu\'ciitiou 
tSi^n  ttu>  stilutiiiu  of  the  great  obsUuilu  which  hits  hithorto  ubstnicted 
B  prujrrejw  i>f  t«h';j;iiiiiliy ;  while  for  Hiilfinaritie  cables  the  kurit«  offers 
ft  (ar  muiv  t>i;oiioiiiicttl  itisidtitioii  Ihati  any  whit^h  hon  y<-t  \tefn  ohiaiiieil, 
me  fully  uqiiid  it'  Qut  tn^'sUy  Hiipcrior  to  uuy  other  in  its  iii'<iihi I in^; 
r  acniiist  (!lectri(:al  leakati*^.  Oii  tliis  Littor  point  I  iipimtl  to  Ihc 
iliviririil  iftnn  of  Mr.  Farmer,  the  woll  kaomi  elcftriciou  oi'  Itontoii, 
Vtiicti  lire  a])|>oiidiiil : 
*•  Of  iht-  viilue  of  tliis  new  iiisulivtor,  as  toittod  by  the  actual  experi- 
oe  of  telecraphic  Iiue»,  w©  are  fully  UiSHured  hy  the  exju'rieiie*.'  of  well 
btnuTi  tf  lej^iiphic  coiuitruetorB  wlu»  have  employed  it.  To  this  iwiut  is 
Ihu  li^iiuony  of  Messi-s.  (.'hester,  of  Now  York,  and  of  Mr.  I'ullahau, 
irbntte  ojiiMions,  fouudod  upon  their  owu  exiierieuce,  are  ^iveu  in  their 
i,  vhlvh  an-  alwi  appended. 
"Actios  «v  othkr  chemical  agents  upon  kerite. — As  resjiccts 
e  aetiuti  of  other  i;)iemieal  reagents  upon  the  keiite  coveiing,  1  have 
a  Slid  v«ry  hriufly  that  1  haw  sutiuiittftl  it  to  the  tee.t  of  uunienms  pow- 
1  bodiMt  in  (.-Dutrujst  with  other  intiulators  or  ooveriugs,  and  always 
vhli  the  miMit  markeil  advantage  in  favor  of  the  kentv.  The  mo9t 
Mpnrtaut  of  thetic  a^^nts  are  carbonie  disulphide,  (CS,),  nitric  acid, 
(Q,NOt),  Buliiliiiric  arid,  (U,SO.),  wilpburie  dioxide,  (SO,),  nitric 
r  oxide,  (S ,  O, ),  ehluriue  yas  and  alkaliiii"  hydrates,  e. g.,  jukHc  hydrate 
fINaO)  and  ifotu«»ic  hydrat*,  (HKO).  Such  reafients  are  useful  in 
[lUtllng  the  inventor  ui  iH-hecting  his  synthetic  exiierimeut^ ;  but  it  is 
mllj  neces-tury  to  say.  tliat  in  the  actual  experieuee  of  telegraphy, 
hit*  an>  ue\  er  esiwsed  to  these  powertul  reagents  whioh  tbe  eheniist 
•urts  to  in  his  la1x>n(tory.  We  may  safely  conclude,  also,  that  a  pro- 
Mt  which  ean  withstand  the  continued  atta<;k8  of  atmospheric  ozone 
■tniit  Iw  refn)rdt>d  w*  tuife  from  all  other  causes  of  destnicliou  whicli  may 
t  imcouiitere^l  in  nature. 

"ThU  latit  remark  is  o|>en  to  only  one  im[>ortant  qnallflcatiou.     It 

H  to  he  seen  whether  the  marine  borers  of  ti'o[iic4d  seas  and  tin*  rav 

n  of  the  white  ants  of  tropical  regions,  which  are  known  to  dewlroy 

Iii-peJTha  coverings,  may  not  also  attack  T*ith  effect  the  kerite.     I 

•v«  coiiM-d  cables  to  be  prepared  to  test  this  questiou  in  tlu-  waters  of 

Ite  Bn>'  of  A-'«pinwaIt,  and  also  to  be  buried  in  situations  where  they  are 

llfy  KxiMised  to  the  ravtig<-s  of  the  white  ant.    These  sp<-eiuieris  of 

(■rite  liLni'  l"'cu  pr\'pared  with  carbnlie  acid,  (phenol,)  comjioauds  of 

'    il  to  8hiii  tiiulier,  I  have  found  in  certain  invcstigattous 

•  M'  ycjii-s  since  for  the  naval  deiHirtmcnt  nf  the  rnilcd 

I  Kilt-,  to  otfer  th«  only  etlectnul  cure  to  the  attJK'ks  of  the 

t^iiiit:  aiii.ii.il'-. 

"Tlie  triiils  now  ill  piogress  in  Aspiuwall  and  upon  the  Isthmus  of 
'aiuiiitu  will  i*oon  decide  this  question  fur  tlie  kerite  cable. 
**  lu  conclusion,  we  itre  led  as  the  result  of  this  iavestifration  to  expresd 
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the  opinion,  that  in  the  present  state  of  our  knowledge  the  ^kerite'  of 
Day  is  the  best  material  yet  found  for  telegraphic  use,  offering  at  once 
the  greatest  resistance  to  electrical  leakage  and  to  all  the  causes  of 
destruction,  whether  chemical,  atmospheric,  or  vital,  to  which  electrical 
cables  are  liable,  whether  in  air,  earth,  or  water."  ^ 

LETTERS  UPON   THE  VALUE  OF  KERITE  AS  AN  INSULATOR. 

The  following  is  the  letter  referred  to  from  Mr.  Moses  G.  Farmer,  dated 
at  Boston,  Febmary  12,  1869,  and  addressed  to  Mr.  Day : 

"I  have  made  numerous  tests  of  the  insulatuig  power  of  your  ^kerite' 
covering  for  telegraph  wires. 

"  It  is  well  known  that  in  cables  which  have  the  same  relation  subsist- 
ing between  the  diameters  of  the  core  and  of  the  continued  strand,  the 
relative  insulating  power  is  in  proportion  to  the  time  which  it  takes  for 
the  cable  to  lose  half  of  a  given  charge. 

"The  Atlantic  cables  fall  to  half  charge  in  about  one  and  one  tenth 
hours,  while  a  sample  of  your  kerite-covered  wire,  which  I  operated  upon, 
was  thirteen  hours  in  falling  to  half  charge,  showing  it  to  be  a  most  won- 
derful insulator. 

"  Wishing  for  you  the  utmost  success  in  introducing  this  truly  valu- 
able invention,  I  remain." 

The  letter  of  Messrs.  Charles  T.  &  J.  N.  Chester,  dated  New  York, 
November  13,  1868,  is  as  follows : 

"  In  reply  to  your  inquiries  as  to  our  experience  in  the  compound  known 
as  kerite  wire,  we  would  say  that  we  have  been  familiar  with  your  experi- 
ments and  have  examined  your  pnxlucts  during  the  la«t  two  or  tliree 
years,  and  have  l)een  so  well  satisfied  that  this  kerite-covered  wire  ful- 
filled many  requirements  not  hitherto  found  in  uisulated  wire,  that  we 
have  induced  many  of  our  friends  to  purchase  and  test  the  wire,  and  the 
result  of  these  tests  has  been  to  establish  the  excellence  of  the  fabric  as 
8Ui>erseding  any  other  for  the  puipose  of  insulation.  Tliese  tests  have 
beeu  made  in  at  least  two  hundred  exposed  places  in  the  prominent  cities 
of  the  Union  and  Canadsi,  in  connection  with  fire-alarm  telegraphs.  They 
have  also  been  made  with  underground  wii-es,  as  at  Vassar  College  and 
Dartmouth  College.  Some  of  these  wires  have  been  laid  two  years; 
they  have  given  excellent  satisfaction.  In  the  course  of  our  experience 
we  have  had  occasion  to  test  many  insulated  wires  under  water,  and  find 
it  rare  to  obtain  a  pie(»e  of  much  length  without  an  escape,  even  with 
delicate  instruments.  A  few  days  since  we  were  about  to  ship  one  thou- 
sand feet  of  small  size  office  kerite  wire,  not  intended  for  subaqueous 
use.  A  test  of  this  with  a  battery  of  fifty  cells  and  a  delicate  acting 
appanitus,  gave^no  deflection  whatever.  We  believe  its  insulating  prop- 
erties very  extraordhiary." 

Edward  A.  Callahan,  esq.,  the  superintendent  of  the  Gold  and  Stock  • 

^Da^  at  New  Haven,  Connectiont,  JaQoary,  1869. 
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Telegraph  Company,  makes  the  following  statement  in  his  letter  to  Mr. 
Day,  date<l  at  No.  18  New  street,  New  York,  November  10, 1868 : 

'*  In  reply  to  yonr  inquiries  with  reference  to  your  kerite  insulated 
wire,  I  take  great  pleasui'e  in  making  you  the  following  statement: 

**It  has,  under  all  circumstances,  given  us  the  fullest  satisfaction. 
The  peculiar  nature  of  our  business  renders  it  necessary  for  us  to  use  the 
most  perfectly  insulated  wire.  I  have  tried  several  and  various  kinds  of 
insulated  wire  before  using  yours,  but  have  been  obliged  to  take  it  all 
down,  and  have  now  substituted  your  kerite  insulated  wire  in  its  stead. 

"Your  wire,  which  I  strung  in  December,  1867,  is,  so  far  as  we  are 
Me  to  judge,  as  good  as  the  first  day  we  put  it  up.  We  have  tested  it 
after  three  days  constant  rain,  and  could  not  find  one  degree  of  escape. 
We  use  it  in  gas-pipes,  where  we  twist  six  wires  together.  We  hold  this 
to  be  as  severe  a  test  of  its  insulating  proi>erties  as  it  can  be  put  to,  and 
have  never  been  obliged  to  look  at  one  of  these  gas-pipes  for  crasses, 
grooDds^  or  escapes.  We  now  use  it  for  office  wire,  where  it  is  sometimes 
placed  near  furnaces,  subjected  to  a  very  high  temi)eratiu*e,  and  again 
where  it  is  exposed  to  the  most  intense  cold,  and  I  have  not  been  able  to 
detect  the  slightest  change  from  its  original  condition. 

**I  am  very  favorably  impressed  with  it,  and  can  see  no  reason  why  it 
will  not  last  for  an  indefinite  number  of  years. 

**  You  ask  my  opinion  for  underground  purposes.  We  have  exposed 
it  to  the  extreme  cold  and  heat  of  the  past  year ;  strung  over  the  roofs 
of  buildings,  which  we  consider  the  best  test  of  its  indestructible  and 
insulating  qualities  that  it  can  be  submitted  to,  while  placing  it  under 
ground  would  be  favorable  as  a  protection.'' 
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AUTOMATIC  RECORDING,  TRANSMITTING,  AND 

CONTROLLING. 
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SPEED  OF  TRANSMISSION— Comparative  spf-ed  of  transmission- Critical  RE\^EW 
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Morse  stopping  apparatus. 

AUTOMATIC  RECORDING. 

At  the  very  earliest  conception  of  the  art  of  writing  or  imprinting  at 
a  distance,  in  one  or  more  distant  places  at  the  same  time,  the  best  modes 
of  practically  demonstrating  it  were,  as  a  matter  of  course,  the  subject 
of  absorbing  attention  in  the  mind  of  the  inventor.  No  sooner,  there- 
fore, did  the  idea  of  the  possibility  of  making  an  automatic  record  of 
intelligence  from  a  distance  occur  to  its  originator,  than  it  became  his 
main  purpose  to  demonstrate  by  some  means,  and  by  the  simplest  means 
he  could  then  devise,  that  it  was  not  merely  possible,  but  that  it  must 
be  realized  in  some  way,  and  made  an  accomplished  fact.  Indeed,  the 
production  in  some  way  of  this  automatic  record  was  the  key-note  of  his 
whole  theme. 

It  cannot,  therefore,  be  thought  strange,  that  a  great  variety  of  possi- 
ble modes  suggested  themselves  to  him ;  nor  is  it  more  strange  that,  after 
he  had  demonstrated  one  mode  as  practicable,  subsequent  inventors,  in 
following  the  original  track  which  led  to  the  demonstration  of  that  mode, 
should  find  that  many  of  the  devices  occurring  to  them  in  their  specula- 
tions, which  seemed  to  them  new,  had.  been  anticipated  by  the  original 
discoverer  of  the  new  road.  It  could  scarcely  be  otherwise,  nor  does  this 
consideration  by  any  means  involve  a  charge  of  plagiarism  against  claim- 
ants to  these  same  devices ;  a  more  charitable  position  is  that  while  pur- 
suing the  new  route  oi>ened  to  them,  the  same  objects  would  independ- 
ently attract  their  notice.  Such,  however,  would  be  ready  to  allow  that 
the  objects  which  to  them  are  novelties  may  not  be  novelties  to  him  who 
oi>ene<l  and  first  explored  the  new  path. 

Tlie  original  proiK)sition  of  writing  or  printing  at  a  distance  must  not 
be  considered  as  merely  a  brilliant  bulpcrude  idea,  sent  forth  by  its  orig- 
inator to  be  developed  and  equipped  by  others ;  it  was  from  the  moment 
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<  it*  troncciptlon  tbc  hunily  occTi[)»tioii  of  Lis  tlioiiKlitii  for  ihiyn  uiiil 

"intlM,  loDi;  1iL>ti>r('  it  w»»  ilMmied  by  utliiTH  tu  be  iiion.>  thiiii  tlit'  chi- 

.■■ra  of  au  iII-rtKiilati?<J  tmagiimtinii.    Thwie  idoUph  in  tbeir  <>mbi->(>  8tal« 

■■   ni  ciiOL-piveil,  iiwItMHl,  in  com  para  live  seclnsiou,  witliciiil  wvcii  tlio  npjior- 

iiiily  iir  tiie  in«-nus  to  put.  tlieni  except  in  i)art  into  tangible  tthape,  oilier 

i<:Ui  in  ilniwint^H.  until  iiiontliK  and  even  yearn  lia<I  elapsed;  for  tbe  lirNt 

;<|turutii»,nltlioii}ili  coiiii-iveil  ill  its  ci^aeiilial  el laractcri sties  hh  early  an 

^  :_■    ■ip-l  rmiirilj  fxistinf-  in  (ImwiUi;*,  (partly  eiul)oiiiet!,  indwfl,  nl  lliai 

<  ~  not  in  a  sliaiH*  to  give  a  substantial  practical  demoustnitiuii 

■  •  twfiil  result  until  18;i5.    This  is  not  tlio  date  yivon  by  the 

.._  -_iiL  1  bnt  by  numerous  witnesses,  wbo  aiv  in  agreement  in  testliyiug 

l»  wwiug  it  in  operation  at  that  titno. 

That  the  Hirlieet  iustrumentjilities  should  he  crude  and  capable  of  more 
or  leaB  itnprovenient,  every  one  experienced  in  Invention  will  readily 
■Uow.  But  what  in  lin))rovoiaent  T  An  improvement,  or,  as  the  French 
iKyle  it,  pcffecti'imnrmrnt,  has  a  difl'erent  meaning  from  improvement  in 
duB  fltiict  sense  of  that  word.  As  oIl«n  loosely  useil  at  the  present  day. 
the  wunl  inoditli-jition  wonld  more  accurati-Iy  express  the  change  or 
lAaagm  made  in  the  Insti'umentalities  of  au  invention.  An  improve- 
nmt  Ua  UKHllHcJttion,  bnt  the  reverse  is  not  always  true;  a  modification 
-  Milt,  (if  ronrse,  an  Improvement,  bnt  it  woidd  be  technieally  styled  so 
ilio  I'HU'tit  Olliec.  Even  a  change  in  an  apparatus,  for  the  purpose  of 
.lining  some  presumed  advantjige,  may  necouiplish  its  iiniiKiliiilo  piir- 
lBj*e,  wliile,  B(  the  same  time,  it  may  involve  counten-ailing  disndvan- 
ini^t-iiiii  eiimi>1icntioR and  ex|H>n8ivene88 which  maymomthan  neutralize 
Um?  »dvan(iige,  aiul  so  the  result  of  modification  may  be  on  the  whole  a 
B  anil  nut  a  gain. 

t  is  Otrt  unt!onimon  to  misapprehend  the  true  nature  and  eiiteut  of  a 

While  ignonint  of  the  nature  of  that  invention  upon  which 

Hriifii-alion  is  based,  it  is  not  so  easy  to  know  if  the  modilicatlou  is 

|L  minpiirtant  ebange,  or  is,  indeed,  an  improvement..     A  casoul  ob- 

ET,  without  a  thorough  knowledge  of  an  original  invention  is  very 

I  tq  coiilound  llie  new  and  the  old,  and  in  noticing  a  new  arrangement 

1»  oft**!!  led  til  eonsifier  llie  whole  as  new.    Pmiier  discrimination  is 

tKOT^Mitry,  that  no  iujuslice  be  done  to  any  of  the  laboi'ers  in  the  same 

^Wd  of  invention. 

^Hl  will  not  t>o  deemetl  egotistical  on  the  part  of  an  inventor,  if  in  the 
^HlttptB  of  ttthers  to  improve  liis  invention  he  should  now  and  tlieii 
^■jjOiiliiw!  the  fumiliar  ft>atnres  of  his  ovrti  offspring,  and  claim  their 
^■icmliy.  Tlio  alientpts  at  improvement  in  the  telegraph  have  been 
^H|ll,v  din>cli><t  lo  niixW  of  recording,  t>o  wit;  to  modifications  of  the 
^■gSnal  inking  itppamtus;  to  moiles  of  imprinting  tho  ordinary  alpha- 
^■Sn  lifaitnuttiT ;  lo  untoniatlc  tramtmifMion  of  dispatches ;  to  autographic 
HpBBBMBiiui  iif  dispatcher  and  dcsigms  and  to  niib>uiatic  control  uf  a 
^H|hB(  opp&ra'ns.  There  have  »1hii  iH-i-n  iiiN>]n|ifi-il  iiii|ir-tivi-iiieiils  in 
^■iBdn  or  |;eni!iBtuni  of  electricity . 
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In  order,  therefore,  to  demonstrate  and  elucidate  any  professed  improve- 
ment apon  an  art  in  any  of  its  processes,  it  becomes  not  a  matter  of  choice 
but  of  necessity  in  the  very  outset,  first,  to  set  forth  clearly  the  origuial 
processes  or  instrumentalities  professed  to  be  improved.  This  necessity 
must  be  an  apology  (if  any  ai)ology  is  required)  for  so  often  recurring  to 
the  original  invention  of  the  Morse  telegraph. 

THE  GElinERIC  TELEGRAPH. 
The  more  thoroughly  its  early  history  becomes  known  the  more  clearly 


Fig.  17. 
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will  it  be  erceived  and  acknowledged  to 
be  the  generic  telegraph.  The  means  and 
processes  of  this  first  telegraph  have 
been  adopted,  and  have  become  not  only 
the  efficient  instrumentalities  of  all  the 
modem  telegraphs,  but  the  modern  sema- 
phores have  also  derived  from  the  instru- 
mentalities applied  in  the  telegraph  some 
of  their  most  efficient  means  of  accom* 
plishing  their  more  limited  results ;  for 
example,  the  adoption  of  the  electro-mag- 
net, giving  to  the  telegraph  its  semaphoric 
or  acoustic  quality. 

In  illustration,  therefore,  of  the  earlier 
processes  of  the  telegraph,  diagrams  of 
some  of  the  modes  of  recording  first  tried 
by  the  inventor  are  given — ^modes  used 
by  him  with  more  or  less  of  success  in 
the  first  constructed  instruments. 

THE  ELEOTBO-CHEMIOAL  PEOCESS. 


The  earliest  mode  devised  for  producing 
a  record  was  an  electro-chemical  process. 
The  inventor  had  the  idea  before  landing 
from  the  ship  in  1832  that  his  purpose  of 
recording  might  be  accomplished  by  the 
use  of  some  salt,  so  easily 'decomposable, 
or  so  sensibly  influenced  by  electricity  in 
its  passage  through  a  conductor  that  a 
mark  upon  paper  impregnated  with  such 
a  salt  might  be  the  result,  by  simple 
contact  with  the  conductor  at  the  moment 
of  an  electrical  charge.  A  magnetic  effect 
was  known  to  exist.    Was  there  any  other 

effect  available  to  produce  a  mark  t  This  was  the  problem  to  be  solved. 
With  no  means  on  board  the  ship  for  any  experiment,  this  suggested 

mode  was  reserved  to  be  tried  at  the  dose  of  the  voyage.    Coincid^it 
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with  the  electro-chemical  mode  the  electro-magnetic  or  mechanical  mode 
of  marking  was  elaborated,  and  the  rarioas  devices  for  using  the  iK)wer 
of  the  electro-magnet  reduced  to  drawings. 

On  testing  the  first  electro-chemical  mode  by  simple  contact  with  h 
conductor  in  an  electric  state  with  the  hope  to  produce  the  result  in 
the  diagram,  the  exx)erimcnt  failed  with  the  salt  that  had  been  suggested, 
and  with  several  other  salts  that  were  experimented  upon  in  that  man- 
oer.  The  x)aper  impregnated  with  the  salt  in  this  case  was  made  simply 
to  pass  beneath  and  in  contact  with  the  conducting  wire.  If  no  current 
was  passing  in  the  wire  the  paper  would  show  no  mark,  but  when  a  cur- 
rent was  sent  through  the  wire  the  paper  should  show  marks  across  the 
strip  like  those  in  the  diagram.  The  thinner  lines  represent  the  dots, 
the  thicker  lines  the  dashes  of  the  conventional  code,  This  was  the 
theoiy.  Submitted  to  exi)eriment,  as  has  been  stated,  it  failed  in  prac- 
tiee.  But  by  passing  tlie  electric  current  through  the  paiwr  impregnated 
with  various  Siilts  the  marking  was  produced  more  or  less  iH»rfectly,  yet 
attended  with  so  many  inconveniences  that  the  electro-chemical  mode 
was  temporarily  reserved  for  future  experimenting,  in  order  to  i>erfect 
the  electro-magnetic  mode,  which  promised  a  surer  and  better  result. 
Perceiving  that  by  the  electro-magnet  he  had  command  of  a  power  capa- 
Me  at  will  to  make  a  line  of  any  length  upon  a  moving  strij)  or  ribbon 
of  paper,  the  inventor  found  that  the  dots  and  spaces  and  eventually  the 
dashes  of  the  code  he  had  already  de\ised  were  readilj'  made  by  any 
convenient  marking  instrument,  such  as  a  pencO  or  pen  or  printing  wheel. 
The  object,  then,  of  the  inventor  was  to  adopt  the  best  of  the  several 
devices  which  had  suggested  themselves  to  him. 


THE  ELECTBO-MAGNETIC  MODE. 

The  first  and  most  obvious  was  that  of  a  pencil  at  one  extremity  of 
the  lever,  as  in  Fig.  18. 

Fig.  18. 


Ml  'I    I  I    MM    l-i'.i  I'M 
■  Lll    ■■..'111  III  ■,...11  I. 


11 


t 


i 


fl 


liL^ 


1 1" 
ii'i 


i.p|i»«i 


i: 


The  Pencil  Point. 

Tbe  marking  with  the  pencil  B  gave  a  saccessfiil  result,  but  the  blow 
strikiiig  the  paper  often  broke  the  point  of  the  pencil  and  required 
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constant  attention,  and  produced  many  intermptions,  bo  that  the  iise  in 
the  manner  seen  in  the  diagram  waa  early  abandoned;  bnt  the  pencil 
was  immediately  used  in  the  manner  shown  in  the  first  coustructed  instni- 
ment  of  1835,  as  seen  in  Fig,  18,  by  which  the  damage  to  the  point  of  ■ 
the  pencil  was  avoided,  yet  still  the  constant  wearing  away  of  the  pen- 
cil preaented  a  difficulty  to  be  removed. 

Vig_  19.  This  was  attempted  by 

,  the  ose  of  fountain  i>eu8 

of  various  construction ; 
at  first  a  single  ]>en  formed 
a  capillary   tube,    which 
had  the  inconvenience  of 
■"  outnotgiviugoutitsinkif 
of  action  for  any  length 
of  time.    To  remedy  tliis 
defect  the   form    of   the 
fountain  pen  was  like  that 
shown  in  Fig,  19. 
The  triple  pen. 
This  gave  the  dispatch 
The  Triple  Pen.  fey  a  threefold  line,  80  that 

in  case  one  pen  should  he  clogged  and  fail  to  record,  one  or  both  of  the 
other  pen  secured  the  record.  This  method  for  some  time  produce<l  good 
residts.  It  was  the  mo<1e  exhibited  to  the  Congress  at  Washington  in 
the  session  of  1837-'3S,  and  to  the  Academy  of  Sciences  in  Paris  in  183S, 
described  by  M.  Arago  from  its  appearance  as  "  un  petit  rateau,"  or  Uttlc 
rake. 

The  PEiNTiNa  wheel. 

There  was  also  another  mode  snccessftdly  used  in  the  early  exi)eri- 
ments,  seen  in  Fig.  20,  by  a  printing  wheel,  as  in  the  modern  ink-writers. 


The  Frinling  WIimL 


p  aaly  dt9f>r[!nc<?  ttet^ecti  tliiit  original  moilo  and  tliv  pronent  iiik-writfrs 
ing  tlH<  iqi|){il.«  of  ink  tu  tli«  wlicd  originally  by  a  «iHiiigp  luHt^ail  of  ttie 
iricrti  felt  whfcl.  All  thi-.-w-  niwii-J*  mv  iliKtinclly  Hi>ecinf!(l  in  MorwOa 
iveal  of  l^'i",  in  tlie  Patent  Ofliw  at  Washington.  Why  ft-as  Hot  the  lust 
lale,  wi  itk'iitical  with  the  nioiiern  ink-vrritiTS,  wliich  are.  no  iHipiilHr,  »t 
loetMlopt^  in  practifot  Theiuventoi-  was  dwirons  of  avoiding  sevt-ral 
ruaveiilt-iici'.t  aiK'ndant  on  all  tho  moilc«  of  using  ink.  The  dr>ing  of 
«  iiik  iiiNtu  the  ink-wberl,  fsppcially  in  dry  climates  and  in  wanu 
MtlitT,  would  olU'ii  render  the  inking  prooenH  uurelialilf.  Again, 
ib>«t  t'rtn*  weiv  Miieciully  taken  there  was  coiifltant  daiigt'r  of  an  over- 
targu  of  ink,  soiling  ihe  pnpcr  and  pnvdneing  grave  iiitemii)lions. 


THE  STKEL  POINT. 


of  ■      1 


To  avoid  those  ineonvenienees  a  8tt*l  point  fjiomt  sdchej  was  dei 
id  OjamI,  which  marked   thu   paper  strip,  by  the   interposition 

or  colored  paptsr  butween  ttic  ])oi[it  and  the  paper  strip,  as 
ttc  nrtlioary  mauifold  oopying  proi«sss.  This  also  was  snceeaidhi, 
It  did  not  remove  every  inconvenience.  It  wan  then  that  the  idea  of 
ling  the  paper  direetly  with  the  same  stylus,  iu  tiio  mode  now 
an  tlie  dry  ))oint  or  embosser,  (the  point  aiche,)  was  conceived 
Fig.  21  ehows  this  mode. 

FiK-  21. 
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The  Sl**l  PoiiiL 

I  vaa  considered  by  him  a  Knbstautial  improvement,  ninee  the 
■■(lU*  rtylits  at  tlie  extremity  of  the  lever  was  always  in  order,  requiring 
t  Rtteuiion.  It  disjiensed  with  ink  and  all  its  ineonveniencea  and 
nidkntlon,  and  reilnced  the  apparatus  to  its  minimum  of  simplicity. 

MODES  OF   SIARKtNO  OE  BECOKDING. 

[  U  Is  dUtomary,  in  treating  of  this  part  of  the  telegraphic  apparfl 
r  miny  hislorinns  of  the  U-U-graph,  to  eonsider  this  steel  point" 
hbowdng  mode  m  the  primary  moile  devised  by  the  inventor,  and  the 
r  priiiliug  trbeel  as  a  modern  improvement  npon  it  by  others. 
lli»  te  a  mistake.  The  inventor  considered  the  dry  point  or  eml>08ser 
»  impn»vcmeDt  on  his  original  inking  apparatus  devised  and  iu«ed 
nearly  aa  l.sl.*>,  aiid  was  patenltnl  In  April,  IMft,  and  in  the  employment 
Ipking  wheel  by  modem  meehanieians,  lie  thinks  that  iwme  of  the 
I  of  the  drj'  iiuSitt  have  been  overlookiil,  while  some  of  fis 
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ilisadvantages  have  been  unduly  exaggerated.  These  latter  are  8tate<l 
to  be— first,  the  disadvantage  of  being  obliged  to  read  the  letters  by  a 
particular  light  and  shadow  fatiguing  to  the  eye.  A  simple  remedy  to 
this  is  the  application  of  a  light  ink  roller  to  the  top  of  the  embossed 
letter  as  it  issues  from  the  stylus,  in  such  a  way  that  the  ink  touches 
tlie  top  oidy  of  the  raised  letter.  This  has  been  successfully  done,  and 
is  a  mechanical  arrangement  easily  made,  and  it  ob\iate»  this  disadvan- 
tage, and  at  the  same  time  ob\iate8  the  second  di8a<lvant-age,  which  is, 
that  an  embossed  message,  when  the  pai>er  is  rolled  up,  loses  its  raised 
charactesr,  and  leaves  the  pa|>er  blank,  so  that  the  recx)r<l  is  obliterated. 
If  inked  in  the  way  just  suggested  this  difliculty  disiii)i)ears.  The 
third  <lisa<lvantage  is,  that  it  requires  a  relay  in  order  to  furnish  the 
requisite  power  to  emboss  the  characters.  Tliis  is  the  most  plausible  of 
all,  and  so  far  as  it  is  desii-able  to  disiiense  witli  the  relay,  the  mode  of 
inking  the  characters  de\'ised  by  the  Messrs.  Digney  freres,  to  wit:  by 
bringing  the  paper  up  in  conta<;t  with  the  ink  wheel,  instead  of  the  ink 
wheel  down  uiwn  the  paper,  as  in  the  original  mode,  is  a  suc^'essful  and 
valuable  improvement.  It  must  be  said,  however,  on  the  other  side 
that  the  dispensing  with  the  relay,  is,  under  some  aspex^ts,  of  doubtful 
economy,  especially  in  view  of  the  acoustic  effect  of  the  pen  lever  in  the 
act  of  embossing;  this  effect  is  destroyed  in  the  silent  operation  of  the 
inking  priK'ess,  but  with  the  relay  and  sfeel  point  is  retained,  and  is  of 
so  important  a  character  as  to  have  modified  to  a  considt^rable  extent 
the  whole  pnxiess  of  telegraphic  or  rather  semaphoric  communic4ition  by 
the  Morse*  apparatus. 

To  offsi^t  th(»se  disadvantages  charged  against  the  dry  point  there  is 
one  manifest  advantage  in  its  employment  which  seems  so  ob\ious  that 
it  is  a  matter  of  some  surprise  that  no  one  of  the  ingenious  mechiinicians, 
who  have  been  intent  on  improvements,  should  not  have  long  since  dis- 
covereil  and  applied  it.  This  advantage  is  the  special  applicability  of 
the  dry  point  process  to  automatic  transmission. 

AUTOMATIC  TRANSMISSION. 

The  automatic  process  was  the  original  mode  devised  for  the  first 
demonstration  of  a  stiictly  telegraphic  result.  As  special  attention  in 
the  present  day  is  being  given  to  this  mode,  in  the  hope  so  to  ])erfect  it 
as  to  sui>er8ede  other  processes,  it  may  not  be  amiss  to  dwell  a  moment 
ui>on  its  character. 

The-  original  automatic  process  of  the  first  instrument  in  1835 
was  accomplished  by  metallic  type,  set  up  in  composing  sticks  or 
rules,  and  carried  beneath  the  lever  by  an  apparatus  calleil  the  "i)ort 
rule,"  which  bore  forward  the  prepared  rules  in  ])roi)er  succession. 
Tliis  mode  required  several  distinct  oi)erations:  First.  The  prepara- 
tion of  an  indefinite  quantity  of  the  metallic  tyiH)  to  be  furnished 
to  each  ofilce.  Second.  The  setting  up  of  these  type  in  the  rules  or 
ocunpodng  sticks.    Third.  The  placing  of  these  roles  in  their  order  in 
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■  tranmtiltlnj;  npliaratiis.  Fourth.  Tlio  niectiAiiiral  opcrntinK  of  the 
iirt  nilf.  FiflU.  Tin-  (iistrilmtioiiuf  the  type  aft«r  the  wliolit  <ii*mtion 
r tntumis^ion  hii»  lit't'ii  cumiiK«tL-il. 

?  autiiniiitir  t^pu   jiriK'tiss  of  Siemens,  which  we  nhnll  preftt'iitly 
inf.  ivqiiirea  thv  Hamv  w-vwal  openitioim  ii»  the  original  aiUmniitie 

Au  nuuuiuitiv  Twwess  I»j  Wheatstone.  not  iu  the  uatiilogne,  requires, 
tvt,  a  {Mviiliiir  niii>fli-atuH,  called  the  i>erforator,  for  puiiehiag  ItoW  iti  a 
artft  gf  |Hi|wr;  tteciiod,  another  iii)paratns,  called  u  tifiiiHiiiitter,  by  whieJi 
w  \minst  thus  [»iv|Hii'ed  Ik  uii-ried  fornard  to  upeiiile  the  levcra  of 
mItmA.;  third,  niiutlier  apparatuM,  called  the  iveeiver,  which  gives  the 
iNontin^  n-«ult  upon  a  Ntrip  of  pujwr  »t  a  distance. 
These  la-it  tw(»— truosmitturaud  nict^ver — aramodiflcationsof  theori^i- 
il  MorKe  luiuiipulator  or  key,  and  the  Morse  roKiater,  in  order  to  increase 
the  npecfl  of  tlie  mechanical  movementa  of  each  instrtunentality. 
In  Whealst one's  proi-esa  the  perforator  is  a  difteront  instrument  from 
t  Xiirwe  tuanipiihitlng  key,  and  much  more  complicated,  and  requires 
lUtrnrenl  inmle  of  operating  it.  a  new  manipulating  process  ia  to  be 
EVDWl  by  the  operator  in  lulditiou  to  his  usual  acqiiii'ement.H.  The 
om-lieil  paper  nMptires  more*  time  iu  it^  preparation  than  the  usaal 
DlHMiung  or  writing  proeessof  the  Morse  system.  When  once  jirepttred, 
inrevcr.  it  ha«  the  ad^'antage  over  the  t,vi)e  setting  mode  that  no  dis- 
ribatkiii  of  type  is  oec^sHary  after  the  tnvnsmisaion  has  Iieen  completed. 
"Hie  trail Riiii».si on  and  reception  of  the  message  in  all  these  inodeK 
Btr  very  little  from  eacih  otlier. 

ESmoeSED  PAPER  PHOCESS. 
The  gi-ni-rul  advantage  proi>osed  to  he  obtained  by  automatic  trans 
tKtinu  IB  that  a  greater  quantity  of  intelligence  can  hv  transmitted  in 
fiveo  lime  by  this  mechanical  mode  than  by  the  ordinary  or  hand 
uiipulalion  with  the  Morse  key,  or  manipulator,  and  that  this  may  be 
lOMiipliHhM]  by  having  the  dispatch,  if  of  great  length,  setnp  or  ju'epiireil 
rdividiiiK  it  into  tih^t  are  called  by  printers  "takes*' or  eonvcnieiit 
Ills,  and  emiiln.^ing  several  oi>erators  who,  at  the  same  time,  pre- 
re  tbvir  iteveral  takes,  by  setting  up  the  ty|>e,  or  ])rc]iuring  the  punched 
per  to  be  used  iu  the  transmission.    The  mode  propoiied  by  tlie  writer 
this  n-'|>ort  ba»  the  (idvHutagc  of  greater  simplicity  as  a  result  of  the 
ing  process  with  the  p/nnt  sfche.    For  this  mode  requires  no  tjTH) 
:,  no  new  instrument  for  preparing  the  paiier;  no  new  pnicess  of 
pai>er  to  Iw  learned  by  the  oi>erators.    The  ojterator  prepares 
dtKpcilch  in  the  initial  way,  by  embossing  the  pape-r,  aa  if  pending  a 
palAli.    It  is  then  at  once  ready  for  transmission;  tieetUng  no  (Hirfura- 
u  Dor  other  pivpamt ion.    The  paiter  strip  with  Uie  euibossetl  char- 
en  ia  simpl}*  [mismmI  beneath  a  delicate  lever  like  that  of  the  relay 
ptet.    Aa  every  embossed  i»iTl  passe«>  under  the  Ivrer,  contact  ia 
la  luu|;«r  or  shorter  according  to  tlie  lungtli  of  the  embossed  lioe. 
7t 
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The  result  is  the  same  as  by  the  type  process  and  the  punched  paper 
process. 

The  only  variation  which  may  possibly  be  required  in  the  present 
Morse  apparatus  is  a  more  perfect  mechanical  embossing  point,  a  small 
wheel,  for  example,  instead  of  a  blunt  point,  by  which  the  embossed  char- 
acters shall  receive  a  stronger  and  bolder  relief,  and  paper  more  capable 
of  this  stronger  embossing. 

These  are  within  the  ordinary  mechanical  capabilities  of  good  work- 
manship. 

AUTOMATIC  APPARATUS  OF  SIEMENS  AND  HALSK^. 

No.  39  of  the  catalogue  comprises  the  telegraphic  and  semaphoric 
instnmient^  of  those  accomplished  mechanicians  and  savans,  the  Messrs. 
Siemens  and  Hiilske,  of  Berlin,  so  profound  in  scientific  research  and 
prolific  in  every  variety  of  ingenious  and  novel  philosoi)hical  insti^umeuts. 
Among  the  most  noteworthy  in  the  Exi>osition  is  their  automatic  appa- 
ratus, which,  it  appears,  has  been  operated  with  successful  results  ujion 
the  German  lines.  Those  who  are  familiar  with  the  early  history  of 
the  generic  telegraph  will  recognize  the  fact  that  the  automatic  mode 
of  recording  was  embodied  in  the  first  telegraphic  instrument  devised  by 
the  writer  in  18i^2,  and  it  was  the  first  mode  by  which  the  new  art  was 
demonstrated  in  1835.  At  that  early  period  the  automatic  was  deemed 
to  be  the  only  practical,  if  not  practicable,  mode  of  insuring  a  perfect 
record.  The  (letails  of  this  process  are  to  be  found  in  the  earliest  8i)ecifi- 
cations  and  descriptions  and  models  of  the  Morse  invention  in  the 
Patent  Offiee  at  Washington,  and  the  instnimentalities  are  very  fully 
described  and  illustrated  by  diagrams  in  Vail's  earliest  work  on  the 
telegraph,  published  in  1845. 

The  general  features  of  this  first  Morse  automatic  process  may  be 
briefly  stated  to  consist  of — 

First.  The  embodiment  in  a  species  of  cogged  type  of  the  numerals  to 
be  recorded,  consisting  of  lines,  dots,  and  sx)aces — the  elements  of  the 
Morse  code.  This  was  accomplished  in  November  and  December  of  1832. 
Subsequently  the  inventor  extended  the  principles  of  his  code  to  the 
letters  of  the  alphabet,  which  were  added  to  the  numerals,  and,  with 
some  si)ecial  signs  for  punctuation  and  office  signals,  completed  his 
original  code. 

Second.  Of  rules  or  composing  sticks,  in  which  the  desired  type  were 
set  up. 

Third.  Of  the  port  rule  or  instrument,  by  which  the  rules  when  pre- 
pared with  their  type  were  carried  forward  to  operate. 

Fourth.  A  lever  to  close  and  oi>en  the  electric  ciixjuit  at  the  regulated 
times. 

In  this  part  of  the  automatic  process  of  the  new  art,  the  inventor  early 
made  many  modifications,  some  of  which  are  also  fully  described  by  YaiL 

£xi>erience  soon  suggested  that  however  desirable  on  acooont  of  aocu- 
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racy  was  this  automatic  mode,  manipulation  by  the  hand  with  a  simple 
rocking  lever  possessed  many  advantap:es,  among  which  was  the  dispens- 
ing with  the  complicated  machinery  of  tj-pes,  composing  sticks,  and  port 
rales,  and  the  consnmption  of  time  in  preparation,  and  this  simple  manip- 
nlator  was  found  to  be  sufficiently  accurate  for  the  onlinary  require- 
ments of  the  telegrai)h.  This  manipidator  holds  its  place  in  the  telegraph 
instruments  at  this  day. 

SPEED  OF  TRANSMISSION. 

To  ascertain  the  quantity  of  intelligence  that  coidd  be  recorded  in  a 
given  time  was  not  in  the  early  period  of  the  history  of  the  telegraph  So 
mach  a  desideratum  as  to  know  that  any  coidd  be  recorded;  and  the 
comparatively  little  that  was  accomplished  by  the  new  art.,  in  its  first 
essays,  was  in  such  vastly  greater  quantity  than  could  possibly  be 
transmitted  by  any  of  the  semaphoric  modes  previously  in  use,  that  for 
some  time  the  public  were  content  with  the  success  already  achieved. 

In  process  of  time,  however,  stimulated  chiefly  by  the  enteri>rising 
spirit  of  the  conductors  of  the  American  Associated  Press,  the  lightning 
was  invokeci  to  send  what  it  sent  more  rapi<lly,  or  rather  to  send  more 
in  a  specified  time,  and  hence  the  minds  of  the  ingenious  were  concen- 
trates! on  modes  of  manipulating  a  greater  quantity  in  a  given  time. 

In  estimating  the  speed  of  transmission,  it  is  ob\ious  that  other  circum- 
stances than  the  time  occupied  in  manipidation,  whether  by  the  hand 
key,  (the  circuit  closer,)  or  by  automatic  machinery',  must  be  considere<l 
in  making  a  fair  estimate. 

Pre<*edent  to  transmission  there  must  be  taken  into  the  account,  firsts 
the  cost  and  nature  of  the  apparatus;  second,  the  number  of  employes 
necessary*  to  prepare  the  copy  for  transmission;  third,  the  number  of 
employes  necessarj-  to  receive  and  prepare  it  for  delivery  at  the  distant 
station ;  fourth,  the  comparative  time  required  to  pn^pare  the  copy  for 
transmission ;  and  then  follows,  fifth,  the  time  occupied  in  transmission ; 
and«  sixth,  the  distance  to  which  it  can  be  transmitted. 

To  illustrate  the  necessity  for  taking  into  the  account  these  propositions, 
let  a  given  quantity  4>f  intelligence,  and  the  same  intelligence,  be  presented 
at  the  same  moment  to  be  sent  by  the  several  apparatus  respectively. 
Tliat  system  which  first  delivers  the  intelligence  complete  at  the  distant 
station  will  (other  things  being  equal)  bear  away  the  palm.  I  sjiy  other 
things  being  equal,  for  in  an  economic  jwint  of  view,  the  first,  si^cond, 
and  thini  proiK)sitions  must  be  insisted  on.  For  it  is  easy  to  conceive 
twenty  wires  with  an  apparatus  and  operators  furnished  to  each,  and 
the  copy  divide<l  into  twenty  parts  or  "takes,'^  (to  uw*  the  nomen- 
datnre  of  the  printing  office,)  and  envh  operator  scMiding  his  allotted 
portion  or  "take''  at  the  same  time,  and  thus  the  whole  could  be  trans- 
mitteil  in  a  twentieth  part  of  the  time  reqiurcd  to  send  the  whole  by  a 
single  wire,  apparatus,  and  operator.  Itisatonce])erceivedthat^  although 
diis  might  be  successfully  accomplished,  it  could  not  be  accomplished 
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with  economy.  Hence  the  economic  means  enter  materially  into  the 
estimate  of  the  final  result. 

Afifain,  in  the  test  of  the  Morse  apparatus,  its  semaphoric  qimlity,  by 
mtums  of  the  simple  acoustic  arrangement,  has  shown,  in  mere  rapidity 
of  tmnsmission,  at  least,  its  superiority  over  the  proper  telegraphic 
quality  of  the  same  apparatus.  The  telegraphic  quality,  however,  is  that 
which  is  considen^d  in  most  of  the  European  administrations  as  a  necessity, 
because  it  funiishes,  by  its  permanent  recorded  result,  that  control 
which  the  system  of  government  surveillance  makes  absolutely  nec^essarV, 
and  which  doi^s  not  belong  to  any  mere  semaphoric  mode.  This  ^\ct  is 
ta  be  taken  into  the  account  in  estimating  speed  of  transmission.  All 
the  automatic  processes  are  telegraphic  There  is  a  limit  to  the  quantity 
that  can  be  transmitted  and  recorded  in  a  given  time,  for  the  most  part 
quite  inside  of  the  result  of  the  acoustic  or  semaphoric  mode. 

ExiH'rience  alone  can  decide  on  the  comparative  advantages  of  these 
two  modes. 

The  Morse  process  of  recording  by  electro-chemical  decomposition 
attmcted  (»arly  attention,  and  occupied  the  time  and  employed  the  skill 
of  several  ingenious  men  in  Europe,  but  esi)ecially  of  IJain,  who  gave  it 
givater  eftlciencj'  by  the  application  of  a  more  sensitive,  salt  than  had 
been  previously  applitnl.  This  process  is  attended  with  great  inconven- 
iences, but  these  Imve  not  prevented  its  use  to  some  limited  extent.  In 
thtH>ry,  however  capable  of  producing  greater  speed,  (sometimes  obtained 
in  exceptional  cases,)  there  are  pnu»tical  as  well  as  theoretical  difficulties 
which  have  hitherto  disapi>ointed  the  flattering  expectations  of  its  friends, 
and  interimsed  serious  obsUides  to  its  general  adoption. 

The  imnuuise  nipidity  of  the  passage  of  the  electric  current  suggests 
that  theiv  is  si»4ircely  a  limit  to  the  quantity  of  intelligence  that  might 
Ik*  tninsmitttHl  in  a  given  time.  Tlieoretically,  indeed,  any  speed  yet 
attaimnl  could  be  hicwase<l  almost  indefinitely;  but  this  speed  is  limited 
not  by  the  sihhhI  of  electricity,  but  by  the  action  of  the  necessary  inter- 
vening nuH*hauical  instnnueutalities.  Were  the  sjHHHi  of  electricity  the 
sole  element  to  \m}  tiiken  into  consideration^  the  lOnount  of  intelligence 
that  iHuUd  be  transmitttHl  can  si'unrelj'lw  computed;  but  the  mechanical 
agencies  of  a  moiv  sluggish  nature  which  mingle  in  the  process  fore- 
shadow a  limit,  and  it  is  |u\>cisel>'  here  that  the  ingenious  savant  and 
niiH*hanician  find  a  pnitUable  employment  for  their  research  and  skill  in 
nuMlit>ing  and  improving  the  automatic  princess. 

BLAVIKR  ON  SPKKl)  OF  TRANSMISSION. 

As  iH'rtinent  to  this  subject,  a  quotation  is  made  trxnix  the  excellent 
work  of  M.  Ulavier,  volume  i,  luige  188,  of  his  calculations  of  the  possible 
s|mhmI  of  transmission: 

''The  sihhhI  of  transmission  which  can  Ih'  obtaimnl  with  an  iustroment 
deiHMids  not  onl^v  on  the  nipidity  of  mauipuUilioii  that  can  be  iucreasetl, 
by  mechaiucal  uit^ms  almoat  iudelluilel^'i  but  also  ou  the  nature  and 


Irot:th  «r  tlie  line.  It  dfiu'iids,  in  fncf,  rm  tiw  vf^)H€T  itwlf,  .iinl  it  is 
wpII  Nt  iiMf  rtain  fur  encL  histnimoiit  tli«  iun.vlniiiut  tmintXT  of  i^igii.^ 
thmt  it  i!un  jLHvt^— tbiit  hi  wliicli  itn  iHiw«>r  uf  tr'iiii.4iiiiK8U)i]  ri)iiKi.st». 

"Fur  tiM'  MiirRc  aitpuruttto,  tlic  qiieslion  rwhici-K  itwlf  to  know  how 
Biaii.V  (liH>»,{or  (tointn)  tli<^  n-gislcr  can  rtt-civi'  in  ii  minnt(>, 

A  uioviihlo  Jirnmturo  over  ii(;nui!it  un  eli-ctro-inngnet  can.  nnrtor  the 
fntltu'tiM'  of  intcrruptpd  ciipvnts,  fffi-ct  Ht  Ii'awt  fl-oni  fivo  Ihonwinil  lo 
six  thonKand  om-ilhitions  in  a  minute,  hut  on  oomlilinn  rhnt.  their  exipnt 
AbulltM' rxtrentely  Himill,  and  it  would  be  insnfficipnt  topmiini-t'  »ignn 
n|Mii  A  t»anil  i>f  jiaiier,  evpu  odiuitting  tliat  thu  t*|»'ed  of  nnrolltng  the 
pn|M-r4>an  l>e  dpflnil<'ly  iiiewawHl,  For,  in  order  thnt  the.  lever  Hhall  Ik- 
llft«'«l  and  murk  h  «j(rn,  then-  innMt  he  a  deteniiinate  tiinp  wliicti  vnriM 
with  Ihi*  fomi  of  tlie  aiijinnitnx,  iind  ii1>o%'o  all  with  theimiKs  of  r be  lever. 
"Whm  in  the  Morse  app  am  tun  the  (point  stehe)  dry  point  is  nsod,  tlie 
lercria  always  very  massivD;  it  allows  alsotlie  addition  of  arelay,  and  *>veD 
with  a  very  rapid  nnroUing  of  the  paper  not  more  than  300  or  400  dot« 
minute  fan  be  obtained.  An  apimratnA  (h  molellej  with  pi'iDting 
wbeel.  ojierating  by  the  iiitt-rvention  of  a  relay,  ejiii  pive  from  WW  to  000 
dot«.  Ill  Uwt,  it  Morse  lippanitns  fh  mnlrttt)  witli  printing  wh(.'i>l,  with- 
out n  ffluy,  fOinttitTiled  in  the  best  jmssiblc  manner,  that  is  to  wiy,  in 
which  IhL'  arniatnre,  the  lover,  and  the  knife  an>  as  light  aa  jiORMble,  a 
Moditton  wliivli  may  be  obtained  by  reducing  their  dimensioni^  and  even 

(lensities,  l»y  tlie  employment  of  alniniiium,  can  give  even  2,000 1 
jwr  minntt*. 

Whri)  the  nnnilfer  of  (lot«  that  enn  be  transmitted  i»  known,  it 
to  iiittimate  the  iHirroitpoiidiug  nuinher  of  words. 

In  oonsi<lering  the  dnration  or  extent  of  a  dot  as  unity,  and  in 

•atiOK  it  hy  1,  the  duration  or  extent  of  a  line  is  3;  the  sepnmtiou  (or 

b)  betwe«»n  the  signs  in  the  same  letter  is  1;  that  of  two  letters,  3; 

tit  words,  (i  nnits-    In  taking  at  hazard  a  gn-wt  number  of  words, 

(one  or  two  pages  of  a  bm»k  for  examj)Ie.,)  and  in  writing  in  the  signs, 

vmty  liitt  and  line  and  spaw  can  be  counted  for  the  number  of  corre- 

idlnK  nnitJt,  to  nilenlat^^t  the  totjil  nnniber  of  units  nocessttry  in  express 

Uw  Bftgreptte  of  the  w<ii'ds;  and  then,  if  the  sum  is  divide*!  by  the  nnin- 

I  of  wonis,  wp  have  the  mean  nuinlwr  of  units  which  eorrenjiond  to  n 

srd. 

"Thiw  it  Is  fonnd  Ihat  eacli  word,  inehiding  the  blank  space  iRitween 
the  worda,  \»  reprenented  by  the  average  of  4S  units, 

"If,  tiH'U,  the  apiiiiratns  ejin  retwii-e  IJ.OUU  dots  in  one  minute,  which 

rflh  thfir  blanks  (or  sjiitces)  repn'sent  4,000  auits,  the  nnmber  of  wordu 

vIiMi  ean  Iw  tmnsiaitted  will  be  i^S",  or  eightyfour  words  jier  minute, 

1,(1  itt  nem>i»ary,tliitt  the  signs  l>e  made  distinct  ufHin  the  pn)>er 

ud.     In  oith-r  <o  read  tliem  eiisily,  the  separation  of  the  Higns  and  the 

length  of  the  ilota  ought  to  lie  at  least  three-c[nnrterB  of  u  millimeter.' 

*'If  ttu>  \m\wre  is  unrolled  at  Ih^  apeed  of  I'".20  per  minnl^,  the 
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greatest  number  of  units  equal  to  three-quarters  of  the  millimeter, 
.02955  of  an  iuch,  is  1,600,  which  corresjwnds  to  thirty-five  words  per 
minute.  If  this  speed  is  to  be  surpassed,  the  speed  of  unrolling  the 
pajier  must  be  increased  either  by  employing  a  more  powerful  spring  or 
by  contracting  the  wings  of  the  fly. 

"The  speed  of  unrolling  the  paper  at  the  rate  of  1™.^0  is  more 
than  sufficient;  for  twenty-five  words  per  minute  can  never  be  in 
practice  surjiassed,  only  in  exceptional  cases,  and  the  spao^  that  each 
dot  o<».cupies  must  be  above  three-quarters  of  a  millimeter  to  render  the 
reading  more  easy." 

"  Manipulation  by  the  hand,  by  means  of  the  manipulator  previously 
describe<l,  presents  many  inconveniences.  It  cannot  be  absolutely 
regular;  it  varies  according  to  the  skill  and  even  to  the  character  of 
the  operator.  Besides,  it  is  forcibly  limited,  since  the  greater  part  of 
the  oi>erators  attain  with  difficulty  to  fifteen  or  eighteen  words  per  minute 
and  the  most  skillftd  do  not  exceed  twenty-five." 

From  this  calculation  of  M.  Blavier,  therefore,  it  would  seem  to  be 
demonsti-ated  that  twenty-five  words  in  one  minute,  or  fifteen  hundred 
in  one  hour,  is  the  greatest  number  that  can  be  given  by  hand  manix)ula- 
tion,  yet  this  can  only  apply  to  the  distinct  recording  of  the  signs  ujwn 
the  band  of  pai>er.  Tlie  hand  manipidation  ui>on  the  sounder,  which 
involves  the  use  of  the  Morse  nmnipulator  in  the  same  manner  as  if  re- 
cording, gives  a  greater  number  of  words  in  a  minutes  than  any  automatic 
recording  process  yet  practically  employed,  as  will  be  presently  shown. 

OOMPAKATIVE  SPEED  BY  DIFFERENT  INSTBUMENTS. 

Tlie  comparative  speed  of  transmission,  or  the  quantity  of  words  in  a 
given  time,  by  different  instniments  is  stated  in  the  official  documents 
of  two  national  administrations  as  follows : 

The  single  dispatch  is  calculated  at  twenty  wonfis,  and  the  number  of 
dispatches  at  so  nmny  in  Q)ie  hour. 

Of  such  dispat4*hes — 

Un  France  the  Morse  is  nited  at  twenty'  in  one  hour;  the  Hughes,  at 
fifty  in  one  hour;  the  diiil  system,  at  fifteen  in  one  hour;  the  Caselli, 
(hesitatingly,)  at  forty  in  one  hour. 

In  Pnissia  the  Morse  is  rated  at  twenty  to  thirty  in  one  hour;  the 
Hughes,  at  forty  to  fifty  in  one  hour ;  the  Siemens,  at  sixty  hi  one  hour. 

The  distance  or  the>  h»ngth  of  the  conductors,  or  their  equivalent,  in 
resistance,  is  an  important  element  in  the  calculation.  This  element  is 
not  given  in  the  French  calculation. 

In  the  Prussian  exiH»riments  the  distance  measured  by  resistance 
coils  is  stilted  in  one  instanc^e  at  2,7(H)  English  miles,  and  in  another 
at  540  English  miU's. 

Not  satisfiwl  that  justic^e  luul  lK*en  done  to  the  Morse  system  in  this 
comimnitive  statement  by  rating  it  at  twenty  telegrams  in  an  hour,  a 

>  See  Chapter  V,  qoettiont  to,  and  answers  of,  Viscount  de  Vougy. 
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reqoeftt  was  made  to  the  preaideDt  of  tlie  Western  TJiitoii  Telegraph 
ContpaDy  to  have  the  speed  of  traiismiBsion  fiiirly  tried  iii>on  the  Aiiieri- 
cao  lineii.  Accordingly,  an  executive  circular  was  issued,  and  in  con- 
formity with  its  requirements  the  results  were  didy  sworn  to  and  attested 
by  notaries  public. 
The  following  table  embodies  these  residts: 

Table  of  reauIU  of  tke  trial  of  speed  fry  the  Morse  apparatus. 


I.  Vallqnct 


John  H.  Dwlght . , 
A.B.RUllkw.... 
A.  aBUliku... 
A.  &  BillUui.... 

L.  A.  Somen.... 
R«KudW.8h« 


WUIlim  Walliie 


Jib. 

IB,  IMS 

Ju. 

%IHS 

: 

F.b. 

—.1988 

F-b. 

— .lese 

' 

P,b 

—.1968 
ftlSGfl 

' 

tS,l888 

J" 

i»,ie6a 

Jul 

19,18Sa 

1 

Jma. 

S1.IS6B 

1 

Ju. 

31,1968 

.     1 

Abib 

jdh,  IMO 

1 

Amu 

•an.lSm 

1 

19,  IMO 

Feb. 

to.iaeo 

IS 

Jiu. 

IB,  ISBO^ 

M.J 

8,IS«S 

13 

(an 

nkinlH 

410 

worfl 

IM 

wonU 

3« 

wor*t 

4M 

wonla. 

4M 

-ordt 

1!B 

word* 

= 

word. 

irarda  wu  uliuUy  %  31 


Flnt    9  mlDDtoB,  M.  Marka 373  wordi. 

Next  11  miDolu,  Cbuli;!  Iln«liiy AM  wordi. 

Kut  10  miooK'i.  Cbulei  Bxlcf n*  w»nW. 

Nan  10  mlmitei,  CbvlH  fUgltj 160  word*. 

NW  10  mlDDte*.  Cbulai  B^aj tM  wdMl 

Kail  10  mlnataa.  Cbuki  Bid^T 133  wardi. 


I  ma  neordiikf  of  3,731  wonU  Id 


bonr,  bj  Walter  Ptallllpi,  or  PraTldeni 
»,  br  N.  J.  SBTder,  at  PblladalpUa.  an 
lad  bf  tba  Mon 


n  IiUnd.  and  Ibr 
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Speed  of  the  Hughes  apparatus  and  of  Sietnefi's  automatic  type-presses. 
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RECENT  RESULT  IN  PRANCE  IN  SPEED  OF  TRANSMISSION. 

At  the  late  opening  of  the  Legislative  Assembly  in  Paris,  (I860,)  the 
8i)eech  of  the  Emperor  on  the  occasion  was  transmitted  from  Paris  to 
varions  capitals.  It  will  be  seen  that  extraordinary  efforts  were  made 
to  transmit  it  by  telegraph  with  the  utmost  speed.  We  copy  from  the 
French  journals  the  following  account  of  the  result: 

"Nothing  could  be  more  curious  and  interesting  tiian  the  a8i>ect 
which  was  presented  yesterday  after  the  speech  of  the  Emperor,  in  the 
central  telegraph  station. 

"The  day  before,  orders  had  been  given  that  the  lines  and  apparatus 
should  be  inspected  with  care  and  put  in  order.  At  half  past  12  o'clock 
the  entire  body  of  officials  were  at  their  posts  waiting  the  word  of  com- 
mand. 

i'  Scarcely  had  the  first  copies  been  distributed  to  them  than  two  hun- 
dred employes  were  put  to  work,  and  the  transmission  was  made  with  a 
dizzy  rapidity,  of  whicli  the  following  figures  will  give  some  idea : 

"The  imperial  speech  contains  about  1,200  words. 

"London  received  it  in  fourteen  minutes;  Berlin,  in  one  hour  and  nine 
minutes;  Florence,  in  one  hour  and  forty  minutes;  Bnissels,  in  forty-five 
minutes;  Vienna,  in  one  hour  and  fifty  minutes. 

"Tlie  difference  in  time  to  the  advantage  of  Loudon  is  explained  by 
this  fact :  that  four  wires  (or  circuits)  were  used  for  the  transmission  of 
the  speech  to  that  capital,  while  only  one  was  used  for  the  others.'' 

This  feat  of  transmission  by  telegraph,  scrutinized,  gives  the  follow- 
ing comp(trative  result.  The  speech  containing  1,200  words  was  sent 
entire  to  London  in  fourteen  minutes;  but  four  wires  (with,  of  course, 
as  many  instrument's)  were  nee<led  to  accomplish  the  result,  so  that, 
ilivided  between  the  four,  e^ch  wire  or  instrument  transmitted  300  words 
in  fourteen  minutes,  equivalent  to  fifty-six  minutes  by  one  wii^e,  to  send 
the  whole  1,200  words.  By  refening  to  the  table  of  results  in  the  trial 
4)f  si)eed  of  the  Morse  appanitiLs,  (in  1868,)  it  will  be  i>erceived  that  the 
minimum  of  the  results,  by  the  American  operators,  amounted  to  1,600 
words  in  one  hour,  which  is  in  excess  of  the  estimated  numl>er  per  hour 
of  the  greatest  si>eed  attained  in  this  late  European  feat. 

The  time  iu  which  the  speech  was  transmitted  to  Brussels  upon  one 
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wire,  to  wit,  forty-five  minutes,  is  the  greatest  sjieed  in  this  ca«e ;  but  this 
18  equivalent  to  1,500  words  only  per  hour. 

From  these  results  it  will  be  seen,  in  comparing  them  with  the  results 
of  other  modifications  of  the  apparatus,  that  the  original  simple  Morse 
apparatus  maintains  its  superiority  in  the  telegraphic  field.  Its  sim- 
plicity of  construction,  its  cheai>ness,  its  efficiency,  its  requirement  of 
so  few  employes  in  its  management,  ai^e  the  cpialities  which  have  given 
it  its  world-wide  popularity,  and  have  caused  its  universal  adoption. 

Notwithstanding  this  simple  apparatus  has  proved  its  ability  to 
accomplish  so  much,  the  desire  for  more  has  turned  the  minds  of  the 
ingenious  uiion  devising  many  modifications  of  the  apparatus. 

The  automatic  type  telegraph  (No.  39)  exhibited  by  Messrs.  Siemens 
and  Halske  of  Berlin  is  an  apparatus  of  the  same  general  character  as 
the  original  Morse  apparatus,  but,  it  is  scarcely  necessary  to  add,  of 
ailierior  beauty  of  mechanical  execution,  like  everything  that  comes 
from  their  extensive  ateliers. 

AUTOMATIC  TRANSMISSION  IN  PRUSSIA. 

Being  in  Berlin  in  February,  1868,  the  writer  calle<l  on  the  courteous 
and  obliging  directors  and  superintendent  of  the  Prussian  telegraph, 
the  Colonel  Herr  von  Chauvin,  and  Herr  von  Frischen.  By  the  lat- 
ter officer  he  was  sliown  into  the  apartment  in  which  was  arranged  the 
automatic  moclification  of  Messrs.  Siemens  and  Halsk^,  a  duplicate  of 
their  apparatus  in  the  Exi>osition,  (No.  39.)  Besides  the  instruments  for 
transmission,  there  were  cases  of  tyi>e,  (giving  to  the  apartment  the 
appearance  of  a  printing  office,)  and  a  corps  of  some  ten  or  twelve 
employes. 

The  following  written  questions  were  put  to  Herr  von  Frischen,  to 
which  he  gave  their  annexed  answers: 

**  1.  Question.  Wliat  instruments  are  necessary  in  this  automatic  pro- 
oessf 

"Answer.  Two  instruments,  a  transmitter  and  receptor. 

**2.  Question.  What  is  their  respective  cost! 

** Answer.  Transmitter^  with  150  long  rules  and  35  short  ones,  and 
15,000  typ(»s,  cost  700  Prussian  thalers,  (or  about  $525  in  gold.)  Receptor 
co«t8  105  thalers,  (or  about  $78  75  gold.) 

**3.  Que-stion.  What  time  does  it  take  to  prepare  the  message  in  type, 
for  transmission! 

** Answer.  Three  minutes  to  prepare  a  message  of  twenty  words,  to- 
gether with  eight  wonls  for  the  direction,  or  address,  in  all  twenty -eight 
words;  and  half  a  minute  to  re^ise  and  set^  that  «ill  is  right. 

**4.  Question.  Wliat  is  the  practical  speed  of  transmission  and  recep- 
tion by  the  type  process! 

"Answer.  Forty-five  single  messages  in  one  hour  by  the  present  sized 
wire  for  120  Grerman  miles,  or  540  English  miles.    We  can  send  at  f 
flMne  time  in  four  different  durections  to  Kdnigsberg,  Ft» 
the-Main,  Cologne,  and  Brussels. 
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*'5.  Question.  What  is  the  practical  si)eed  of  preparation,  transmit- 
ting, and  reception  by  the  punched-paper  process! 

"Answer.  Experiments  in  the  room  with  600  German  miles  (or  2,700 
English  miles)  resistance,  a  single  message  of  twenty  words  can  be  sent 
in  half  a  minute  with  the  magneto-electric  current ;  and  with  double 
battery  (galvanic)  current,  one  minute.  With  better  apparatus  the 
same  si>eed  can  be  attained  in  both  cases.  The  preparation  of  the 
paper  by  hand  for  a  single  message  of  twenty  words'  takes  three 
minutes;  prepared  by  the  key-board,  like  Hughes's  key-board,  a  single 
message  is  prepared  in  one  minute. 

'^6.  Question.  What  distance  is  the  magneto-electric  current  availa- 
ble practically  in  telegraphing! 

*^  Answer.  The  Siime  distance  as  the  galvanic  current. 

'^  7.  Question.  What  difficulties  do  you  experience  in  the  present  mode 
of  automatic  transmission  ! 

"  Answer.  The  great  number  of  employes  necessary. 

"  8.  Question.  How  many  employes  are  necessary  in  preparing  and 
transmitting  a  certain  amount  by  one  instrument! 

"Answer.  Ten  (10)  i>ersons  to  prepare;  two  (2)  to  transmit;  and  two 
(2)  to  revise;  in  all  fourteen  (14)." 

For  the  purpose  of  corroborating  these  statements,  the  following  letter 
was  addressed  by  the  wTiter  in  February,  1868,  to  Messrs.  Siemens  and 
Halske,  the  mechanicians  of  the  automatic  tyi)e  process,  which  was  ex- 
amined in  the  Pnissian  office,  the  coimteriwul  of  No.  39  in  the  Exposi- 
tion : 

'^  Will  you  oblige  me  with  answers  to  the  following  questions,  which  I 
shall  be  hapi)y  to  insert  in  my  report ! 

"  1.  What  kind  of  instniments,and  how  many,  for  one  apparatus  com- 
plete, are  recpiired  in  yoiu* automatic  processes!  How  many  in  the  type 
prooesn  t    How  many  in  the  punched-paper  process  f 

'*  2.  What  is  the  cost  of  e^ich  separate  instrument  in  a  single  set,  and 
what  the  cost  4)f  all  together  ! 

*'  3.  How  much  time  is  nMpiired  to  prepare  a  message  of  twenty  words 
for  transmission  by  the  tyi>e  mode  !  How  much  by  the  punched  pai)er 
mo<le  ! 

"4.  What  is  the  n»gular  i>ra(?tical  speed  of  transmission  and  of  re- 
ception by  the  ty|M^  ]mM»ess,  and  what  by  the  pum^hed  paper  process! 

*'5.  What  ait^  the  difficulties  you  encounter  in  yoiu*  automatic  pro- 
C4*ssi»s  ! 

'*6.  How  nnmy  employi^s  are  nH]uirtHl  to  prepare,  to  transmit,  and  to 
riH'eive  messages  f* 

To  the  ab4>ve  (|uestionN  the  following  n^pliea  were  coiuteously  ac- 
conh^d : 

**  Wt»  lH»g  you  to  exeujM*  the  hiteiieMs  of  the  answer  to  your  favor  of  the 
17th  Febniar>'.  Th(«  dehiy  wan  <MUimMl  by  the  eouilition  of  the  punched- 
paper  a|>iHmit  us,  not  ho  ftir  fliiiHlied  hm  to  l)0  able  to  give  you  the  desired 
information. 
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**L  The  complete  electax)-magnetical  tjT)e  transmitter,  sufficient  for 
transmitting  seventy  messages  in  one  hour,  consists  of- — 

Tbalers. 

1  transmitting  instmment 150  00 

1  receiving  instmment,  inkwriter,  with  variable  8i>eed  of  it« 

clock-work 110  00 

150  letter  rods  (4;ype  rules)  in  which  to  set  up  tlie  tj'pe,  at  5 

thalers 750  00 

15,000  types,  at  20  thalers  i)er  1,000 300  00 

6  letter  cases,  at  5§  thalers 34  00 

15  eases  for  the  rods,  (tyi)e  rules,)  at  IJ  thalers 22  15 

The  complete  instrument,  (about  $1,024  in  gold) 1, 306  15 

'•Tlie  time  for  composing  one  dispatch  of  t^^enty  woixls,  flvo  minutes; 
for  distributing,  four  minutes ;  so  that  all  preparations  of  every  messiige 
require  nine  minutes. 

**For  the  above-named  speed  of  transmission  there  vrill  be  necessjirj-, 
twelve  men  for  setting  uj)  and  distributing;  two  men  for  transmitting; 
and  two  men  for  receiving  and  writing  do\\ii  the  messages. 

**2.  For  transmission  by  the  punched-pai)er  aiiTangement  there  will 
be  required  the  following  instruments : 

Tbalcre. 

1  key-board  puncher 250  00 

1  handle  puncher 80  00 

1  magneto-electrical  transmitter 125  00 

One  complete  instrument 455  00 


"  The  speed  of  transmission  by  this  arrangement  is  one  hundred  and 
twenty  messages  in  one  hour.  By  the  key-board  piuieher,  one  letter  is 
completely  finished  as  soon  as  the  corresponding  key  is  touched ;  there- 
fore one  man  will  be  able  to  prepare  tlie  same  number  of  messages  as  the 
tramsmitter  gives  away. 

'*However,  we  add  the  hand  pimcher  for  reserve  or  corrections.  Instead 
of  the  magneto-electrical  transmitter,  we  employ  likewise  a  transmitter 
ibr  reversed  batterj'  currents.  Tlie  cost  of  such  instioimeuts  is  120 
thalers. 

*^  This  manner  of  transmission  requires  pax)er  furnished  with  holes  to 
drive  it  regularly. 

**  We  manufacture  also  machines  especially  constructed  for  this  yyer- 
foration,  at  the  price  of  90  thalers  each. 

^*  For  the  service  of  this  instrument  are  sufficient :  one  man  for  punch- 
ing; one  man  for  transmitting;  two  men  for  receiving  and  i^Titing down 
tbe  messages. 
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*'  This  number  of  ofQcers  is  necessary  only  if  tlie  sntomatic  transuttter 
ia  contiiiually  in  use,  and  it  is  only  in  tltiB  case  the  employing  of  the  in- 
strument seems  lacmtiva  ' 

"  If  there  are  always  two  lines  at  disposal,  one  tor  transmitting  and 
the  other  for  receiving,  there  is  no  difficulty  in  this  automatic  arrange- 
ment. 

"  luclosed  ia  a  sample  of  a  message  prepared  by  the  band  pnncher,  and 
transmitted  by  the  magneto-electrical  instrument.  We  have  written  on 
it  the  time  occupied  in  preparation  and  transmission.  The  dispatch  was 
worked  through  a  resistance  of  600  German  miles,  or  30,000  Siemens 
units  of  resiatanee,"  (equivalent  to  about  2,000  English  miles.)     •     •     • 

TabU  of  the  eomparatite  ^peed  of  trantmiaawn,  by  (he  different  inatrumea- 
talities,  on  the  ba»ia  of  one  dispatch  of  twenty  tcorda. 
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CRITICAL  REVIEW  OP  THESE  EESULTS. 

In  presenting  this  table  of  results,  it  ought  in  fairness  to  be  stated 
that,  in  all  these  automatic  processes,  the  number  of  dispatches  In  an 
hour  is  estimated  from  a  recorded  dispatch  made  by  the  instmment 
itself,  while  the  number  by  the  Morse  apparatus  is  the  result  of  tlie 
acoustic  method,  recorded,  indeed,  but  by  an  employfior  clerk.  The 
difference  is  iu.thc  efflcienoy  of  th«  two  kinds  of  record  for  control.  In 
the  one  case  it  is  dependent  on  tiie  aatomatio  mechanism,  which  reoonls 
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u  thif  |Kii>er  ril)lH)[i;  id  the  other,  it  is  dc]H3nileiit  mi  ibe  8ki11  and 

bfulDCM  or  tlie  clerk  tiiuiHcribiug  a»  ho  lieare  it  from  th&  »oiiuder. 

r  Cliarit-s  ^SHiWitstyiie  han  rt-ceiitly  devised  au  luitntnntic  imiiolied* 

wr  pruocss,  Momuvrlitit  Miritiliir  tv  tiro  proof n^  of  Mcssnt.  Siemens  hdcI 

le,  for  a  dt'striiiUon  of  wliiish  wc  must  refvr  Ui  t)ic  jiiroit*'  rejiorte 

fttlie  Loiidoa  Interniitioaal  Exiiibiliou  of  1SC2,  CIusa  XJII,  ]>]>.  Gi).  70. 

•  AlataU  ill  that  reiwrt  that  uno  liuti<lred  aud  sixty-sis  lelttTs  jwr  miu- 

p  were  Crantiinilted  by  it  on  a  line  of  tliree  bumlred  and  tnenty-four 

I,  equiVKlent  to  about  oue  hundred  dinpntchoa  in  one  hour.     But  in 

I,  M  i»  the  other  automatic  prooesspw,  the  esaeiitial  element  of 

e  timti  neui'^iutry  to  iircpHre  the  message  previous  to  \t%  tmiiBinlsslou 

v-t  nut  unUT  into  the  ealeiilation.     It  is  also  stAUnl  in  llie  smiiic  ruport 

■I  1,47(S  wordu,  oquivalt'ot  to  Btiveuty-tliret;  dispattlies  per  hour,  are 

-  :.'iv;»tHHt  niuulier  that  «au  «>e  truasnutted  by  the  most  uspert  clerk 

i    I     -liah  telegraphic  service.    This  rate,  it  will  bu  seen,  is  greatly 

'   liy  the  Amevicau  oi>enitora  in  the  lato  t«at  of  siteod  of  traus- 


.  I  nil  a  coui|iiiri8»>u  of  the  relative  speod  of  tmnsmissiou  from  th« 
I  is  presented  for  thnt  piiqwse  until  received  at  the  distaut  sta- 
.   "    -^  tnH!e«surj'  to  tiike  into  the.  aueount — 
1,  The  time  reiiuired  to  prepiii-o  the  dispatch  for  transmission. 
S.  The  time  of  U4.'iual  transmission. 
A  The  time  for  imbodying  the  reeeived  dispatch.  , 

4,  The  number  of  employe's  oee^ssury  ti>iu.'e«mpll3hthewhole  process. 

5.  The  comparative  cost  of  the  apparatus. 

I.  Tlie  iHMtof  imii[it«imiieoof  theemploy^s,iiud  the  expense  of  repaini 
to  the  instxiimenls. 

For  oiir  imrpos^i  it  is  necessary  at  present  only  to  cmisidnr  the  tlrst 
tad  SMXind  of  tliesL'-pointa.  On  the  8ii)»i»Hilion  that  a  diapati^h,  i«iy  of 
1,000  words,  is  prasentt^l  at  the  office,  at  the  same  moment,  for  trans- 
OBSiino,  Iti  be  seiil  by  the  respective  lostrunieiits,  to  wit,  the  Siemens 
ad  Halnk*-  automatic  ty]>e  telegraph,  the  Siemens  and  Halskt^  pnuelieil- 
IMfKr  piucHKs,  the  WlieatKtone  pnoehed  paper  procc;^,  the  Hughes  a|>- 
fwntwi,  and  the  Mnn<e  npitaratns,  what  wnnhl  be  the  n-wult  of  wich  f 

llieSieiueiiK  and  ilalski'  tyiK'-process  takeit  three  and  a  half  minuter  to 
DRp*"^  each  dispaleU  of  twenty-eight  words  for  tniusmlssion ;  l.QUO 
mnl»  contain  lifty-suvcu  such  disiiiitebes,  consuming,  therefore,  In  the 
lK«tianitiun,  tbiee  boiirH  and  thirty  minutes  before  uansmi^ion.  Forty- 
iw  of  these  iiK'ssaRes  can  then  be  transmitted  in  one  hour,  or  th«?  flfly- 
•even  iu  chic  hour  thirteen  and  a  half  minutes,  which,  added  to  the  time 
of  prppanttiou,  gives  four  hours  forty-three  and  a  half  minutes  aa  tbe 
lins  eonAumiHl  in  transmitting  l,tlOu  wonls. 

.If  tb«>  ptiHcliedpaiitir  process  of  Siemens  and  IlaUk/'  l>e  tvsted,  the 
inpanitiiin  of  a  dti<pu(o)i  of  twenty  words  takt^s  threi-  ndnute«  by  hand, 
or  oan  miuiiUi  by  a  key -board  instruineut  or  iicrfurntur.  Taking  the 
"wact  catiinate,  id'  one  miiuite,  theu  eighty  measagiM,  or  1,000  words,  a 
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prepared  for  transmission  in  one  hour  and  twenty  miuntes,  and  in  their 
transmission  forty  minutes  more  are  consumed,  making  the  time  for 
completing  the  dispatch  of  1,600  words  two  hours. 

If  from  the  data  given  of  the  capacity  of  the  automatic  punched-paper 
process  of  Sir  Charles  Wheatstone  we  make  a  comparative  test,  (the 
time  of  preparation  not  being  stated,)  we  must  assume  that  the  time  of 
preparation  of  a  dispatch  of  1,600  words  previous  to  transmission  can 
scarcely  be  less,  by  his  perforator,  than  by  the  perforator  of  Messrs.  Sie- 
mens and  Halsk^.  One  hour  and  twenty  minutes  are  theretbre  consumed 
in  this  preparation.  If  now  the  transmission  of  these  eiglit^^  dispatches 
is  accomplished  at  the  rate  given  of  one  hundred  dispatches  in  one  hour, 
we  must  add  forty-eight  minutes,  making  the  whole  process  two  hours 
eight  minutes. 

The  Hughes  consumes  no  time  in  preitiratiou,  but  commences  trans- 
mitting at  once,  and  the  1,600  words  are,  therefore,  transmitted  in  one 
hour  and  thirty-six  minutes. 

The  Morse  consumes  no  time  in  preparation,  but  commences  trans- 
mitting at  once,  and  the  1,600  words  are,  therefore,  transmitted  in  one 
hour. 

This  examination  gives  the  following  result : 

Honrt.  Min. 

The  Siemens  &  Halsk6  tj'pe-process,  80  dispatches 4  43J 

The  Siemens  &  Ualsk6  punched-paper  process,  80  dispatches. .  2  00 

Wheatstone- s  punched-paper  process,  80  dispatches 2  08 

Hughes  apparatus,  80  dispatches 1  36 

Morse  apparatus,  80  dispatches 1  00 

It  is  urged  in  favor  of  the  automatic  type-process,  as  well  as  the 
punched-i)aper  process,  that  the  preparation  of  the  dispatches  by  type 
or  punched  pa[>er  can  be  exi)edited  by  multiplying  the  number  of  per- 
forators and  employes,  and  thus  the  difficulty  of  the  time  consumed  in 
preparation  (which  is  stated  to  be  an  objection)  is  obviated;  for  if  1,600 
woitls,  or  eighty  dispatches,  be  divided,  for  example,  into  eight  "  takeii," 
or  sections,  and  eight  i)erforators  be  used  by  eight  employes,  each  pre- 
paring his  own  ^'  take"  at  the  same  time,  then  the  whole  eighty  dis- 
patches are  i)repared  in  one-eighth  of  the  time,  and  the  time  by  the — 

Type  process,  4/*.  43^m.,  is  re<luced  to 35m. 

Punched -paiH^r  process,  Ih.  20m.,  is  reduced  to 10m. 

To  this  time  of  iireparation  add  time  of  transmission,  respectively,  and 
we  have — 

Tyi)e  process,  40m. — altogether  to 1^.  15m. 

Punched-paper  process,  48m. — altogether  to 68m. 

So  that  we  have  this  result:  The  punched-paper  process  requires  eight 
perforators  and  eight  employes  to  accomplish  what  the  Morse,  with  but 
one  operator,  accomplishes  in  the  same  time,  (less  only  by  two  minutes.) 
Where  wages  are  very  low,  and  the  employment,  therefore,  of  an  in- 
creased operative  force  is  comparatively  of  litUe  importance,  there  may 
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be  an  advantage  in  employing  the  punched-i)aper  process ;  but  in  an 
economic  point  of  view,  where  the  wages  of  employes  are  high,  there 
would  be  no  advantage  in  its  adoption,  except  in  exceptional  cases. 

AUTOMATIC  CONTROL. 

SORTAIS'S  APPARATUS. 

T.  A.  M.  Sortais,  of  Lisieux,  exhibited  a  mo<le  oif  automatic  control  of 
ft  distant  apparatus,  (No.  7,)  devised  about  the  year  1861  or  1802. 

It  was  early  cx>nsidered  to  be  a  great  desideratum,  so  to  have  a  dis- 
tant apimratus  under  the  control  of  a  corresponding  office,  that  even  in 
case  bf  the  absence  of  the  operator  of  that  apparatus,  a  dispatch  might 
still  be  reconled  by  the  instrument,  and  so  be  indep<4ident  of  the  pres- 
ence of  any  attendant.  One  of  Morse's  earliest  devices,  for  this  pui'pose, 
patented  in  France  in  1838,  as  well  as  in  the  United  States,  consiste<l  of 
the  union  of  two  o[)erations :  1st,  of  a  mciins  of  sc»tting  in  motion  the 
distant  recording  apparatus;  and,  2d,  of  a  meaps  of  an*esting  the  motion 
of  the  apparatus  at  any  desired  time.  Both  these  operations  being  suc- 
cessfully accomplished,  it  is  plain  that  a  dispatch  could  be  i-ecorded, 
whether  the  attendant  was  present  or  not. 

These  means  were  based,  first,  on  the  sudden  release  of  the  fly 
that  regolates  the  speed  of  the  clock-work,  by  the  first  movement 
of  the  pen  lever,  in  recording  a  disi)atch.  This  part  of  the  opera- 
tion was  simple  enough.  The  detent  that  an^ested  the  fly,  being  a 
simall  lever  in  contact  with  a  fiiction  wheel  upon  th(»  axis  of  tlie  fly,  was 
easily  removed  by  this  first  movement,  and  the  clock-work  set  in  motion, 
and  the  strip  of  pai>er  was  then  ready  to  receive  any  amount  of  written 
characters.  The  second  oi)eration,  that  of  arresting  the  apparatus,  after 
the  desired  characters  were  completed,  was  based  upon  a  replacement  of 
the  detent  of  the  fly,  or  tlie  small  friction  lever,  ujwn  the  ft*iction  wheel, 
ifter  the  completion  of  the  dispatch.  This  was  accomplished  in  the  very 
first  instance  successfully  by  an  apparatus  not  now  necessaiy  to  describe, 
in  which  there  was  the  addition  of  a  second  electro-nmgnet,  so  adding 
complication  to  the  instnimentalities.  This  was  almost  immediat4»ly  mod- 
ified by  the  improvement  which  Morse  has  described  and  si>ecitie(l  in  his 
French  letters  patent  of  August  18,  1838,  as  well  as  in  his  American 
patently.  Tliis  imi)rovement,  in  brief,  consisted  in  sliglitly  attiiching,  but 
not  fixing,  the  detent  or  small  lever  by  one  extremity  to  the  axis  of  one 
of  the  slower  wheels  of  the  clock-work  in  such  a  manner  as  to  slip  ni>on 
the  axis  when  the  friction  lever  was  raised,  but  not  so  easily  as  not  to 
hold  its  position  when  raised  by  the  action  of  the  \>en  lever.  Tlie  other 
extremity  of  the  small  lever  acted  as  a  detent,  by  its  friction,  ui>on  a 
friction  wheel  ui>on  the  fly  axis,  when  brought  in  contact  with  it,  and 
thiui  arrested  the  movement  of  the  apparatus.  The  arm  of  the  small 
frietiiMi  lever  was  connected,  by  a  thread  or  wire,  with  the  pen  lever 
aiioTe  the  Metion  lever,  in  such  a  manner,  that  when  the  pen  lev 
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it  lifted  the  friction  lever  from  the  friction- wheel,  and  allowed  the  move- 
ment of  the  apparatus ;  but  when  the  pen  lever  fell,  it  did  not  by  that 
act  abase  the  friction  lever,  which  remained  in  its  raised  position,  and 
was  kept  raised  slipping  on  the  axis  of  the  slower  whe^jl  of  the  appara- 
tus at  every  movement  upward  of  the  pen  lever,  and  could  only  return 
to  its  position  on  the  friction-wheel  by  the  slower  movement  of  the  axis 
to  which  it  was  attached  after  the  pen  lever  had  for  a  given  time  ceased 
to  act. 

Another  and  an  earlier  mode,  and  the  one  fully  described  and  illustrated 
by  diagrams  in  Tail's  work,  of  1845,  as  well  as  in  the  8i)eciflcations  of 
Morse's  jiatents,  and  which  may  also  be  found  copied  into  the  work  of 
the  Count  du  Moncel,  is  on  the  same  principle.  This  earlier  mode  for 
automatic  control  is  herein  described  with  a  diagram,  follo^ving  the  de- 
scription of  M.  Sortais's  method. 

The  method  of  M.  Sortais  seems  to  have  been  deWsed  without  a  con- 
sciousness that  the  same  result  had  been  already  aehieved  by  a  mode 
similar  in  principle  to  his  ingenious  device. 

The  reasons  so  well  given  by  M.  Sortais  for  making  this  improvement 
upon  the  recording  instrument,  it  will  be  seen  by  reference  to  Morse's 
patents,  were  those  that  suggested  to  him  his  original  device  for  the 
purpose. 

M.  Sortais  says:  ^^The  Morse  apparatus,  such  as  are  in  use  at 
the  present  day,  present  a  grave  inconvenience.  They  can  neither  be 
put  in  motion,  nor  be  arrested  by  themselves  after  being  put  in  motion ; 
in  other  words,  they  are  not  automatic.  Consequently^  during  the  absence 
of  the  etnploy^  from  the  receiving  officcj  no  dispatch  can  be  transmitted  ;  it 
would  be  the  same  if  this  employ^  is  absorbed  in  some  urgent  labor.  As  to 
the  control  of  the  service^  no  signal  indicative  of  delay ^  is  indicated  either 
in  the  receptions  or  the  expeditions, 

"  An  automatic  system,  on  the  contrary,  will  allow  of  the  transmission 
and  the  ret^ording  of  correspondence  in  the  absence  of  the  employes,  and 
besides  it  offers  to  the  administration  the  means  of  vigorously  controlling 
the  vigilance  of  the  employes. " 

M.  Sortais,  in  tliese  remarks,  was  undoubtedly  unaware  that  against  the 
"  grave  inconveniences  "  he  enumerates,  Morse  had  already  devised  and 
applied  a  complete  remedy  more  than  twenty  years  before  Mr.  Sortais^s 
modification  of  it. 

M.  Sortais  has  politely  fiimished  a  diagram,  which  illustrates  his 
method  of  accomplishing  this  automatic  control.  It  is  an  improvement 
on  the  Morse  mode  of  automatic  control,  since  it  requires  loss  power  to 
put  it  in  action,  and  it  can  be  affixed  to  those  Morse  instruments  of 
Me^wrs.  Digney  and  Siemens's  improvement,  which  dispense  with  the 
relays. 

There  has  been  a  question  of  utility  raised  in  regard  to  the  advantage 
of  this  automatic  control.  Experience  alone  can  determine  the  oocasions 
when  it  may  be  of  use. 
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The  fiict  that  the  telegraphic  service  requires  for  the  most  part  the 
eooBtaiit  presence  of  an  operator  would  seem  to  indicate  that  this  auto- 
matic control  was  considered  more  curious  than  useful ;  but  udou  lines 
established  for  infrequent  or  only  occasional  use,  (for  example  such  as 
may  be  established  between  the  residence  of  a  manufacturer  and  his  dis- 
tant workshops  or  offices,)  there  can  be  no  doubt  of  its  utility,  since  it 
enables  him  to  disi>ense  with  the  constant  attendance  of  an  oi)erator.  In 
imch  cases  M.  Sortais^s  ingenious  and  beautiful  improvement  is  recom- 
mended as  specially  valuable. 

The  following  is  the  description  of  M.  Sortais's  method  of  control : 


Fig.  22. 


The  apparatus  of  M. 
Sortais  consists  of  a 
ratchet-wheel  G,  bear- 
ing a  lever  (Wemhray- 
9ft)  kf  and  above  which 
reacts  one  of  the  mov- 
able parts  of  the  clock- 
wwk  of  the  telegraph 
apparatus,  and  in  a 
detent  £,  put  in  action 
by  the  aid  of  the  print- 
ing lever  of  the  electo- 
magnet,  by  the  pin  d'. 

The  lever   fembray- 

eurj  k  is  balanced  by  Sortais's  Contromng  Apparatus. 

coonter- weight  ♦',  which  has  a  tendency  to  disengage  it  from  the  fly-wheel 
upon  which  it  should  react  to  stop  the  mechanism.  But  in  its  normal 
Aate  it  cannot  yield  to  this  movement  because  of  the  catch  of  the  detent 
which  maintains  the  ratchet-wheel  in  a  determinate  iK)sition.  At  that 
time  it  stiikes  against  the  detent  n  fixed  to  the  axis  of  the  last  but  one 
idieel,  which  at  each  revolution  of  itself  makes  the  rachet- wheel  advance 
one  notch. 

When  the  apparatus  is  put  in  action  by  the  electro-magnet  the  catch 
of  the  ratchet-wheel  is  disengaged,  and  as  this  is  no  longer  sustained,  the 
lt>ver  h  wliich  is  ui)on  it  is  disengaged  by  its  counter- weight  i',  and  the 
(iidamckment)  is  in  action.  If  this  action  is  instantaneous,  the  catch  of 
the  ratchet-wheel  moves  with  it,  and  at  each  turn  of  the  last  but  (>ne 
wheel  in  the  clock  train,  the  ratchet-wheel  advances  one  tooth,  the  lever 
(i^tmbrayage)  falls,  to  encounter,  after  a  ceitain  niunber  of  impulses  of 
the  ratchet- wheel,  the  finger  n  of  the  axis  which  commands  the  fly-wheel 
and  stops  the  movement  of  the  apparatus.  If  the  play  of  the  electro- 
magnet occurs  in  the  slighter  intervals  corresi)ouding  to  the  signals,  the 
ratchet-wheel  will  keep  itself  separated  from  the  catch,  consequently  it 
will  (Hily  be  after  interruptions  of  a  sufficient  length  of  time  that  the 
mapt^g  will  be  produoed. 

8t 
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morse's  stopping  apparatus. 

This  was  invented  in  1837,  and  is  here  illustrated  with  the  diagram 
from  Vail's  book  of  1845.      ' 

^i^-  ^.  B  is  the  slowest  wheel 

in  the  train.  U[)on  its 
axle  11',  prolonged  out- 
side the  walls  of  the 
^^^  clock-work,  is  fixed  a 
pulley  wheel  K',  of  small 
diameter,  and  another 
pulley  wheel  Q,  of  much 
larger  diameter,  on  the 
prolonged  axle  of  an- 
other of  the  slow  wheels 
of  the  train.  An  endless 
band  10  unites  these 
two  wheels.  A  bent 
arm  H  D  fixed  upon 
the  axle  of  Q,  under  and 
parallel  to  the  pen  lever 

Morsels  Stopping  Apparatus.  L,  restS    at   P    upon    a 

friction  wheel  C,  fixed  upon  the  axle  of  the  fly.  The  pen  lever  L  having  the 
stylus  for  marking,  R,  has  a  light  rod  or  small  wire  A  loosely  hinged  at 
I  in  the  bent  arm,  and  placing  loosely  through  an  aperture  in  the  lever 
L,and  held  by  its  head  G.  The  pai)er  2  2  passes  under  the  groove  cyl- 
inder S,  drawn  between  the  two  rolling  cylinders  E  and  F. 

Wlien  the  Den  lever  L  is  brought  into  action  in  striking  the  stylus  R 
against  the  pajK^r  at  S,  the  rod  A  lifts  the  bent  lever  D  H  from  the  fric- 
tion wheel  C  ui>on  the  fly  shaft,  and  allows  the  movement  of  the  clock- 
work. The  endless  band  10  is  thus  made  to  slip  ujwn  tlie  smaller  pul- 
ley wheel.  But  the  i)en  lever  in  descending  does  not  carry  down  the  bent 
lever  D  H,  because  the  rod  A  has  free  play,  and  rises  in  the  lever 
at  G;  so  that  the  lever  L  in  descending  does  not  replace  P  upon  the 
friction  wheel  C.  This  can  be  accomplished  only  by  the  slower  action  of 
R'  CTadually  acting  by  the  band  10  to  replace  P  upon  the  friction-wheel. 
So  long  as  the  pen  lever  is  in  action,  the  rod  A  repeats  its  action  ui>on 
the  bent  lever  I>  H,  and  keeps  the  point  P  raised  from  the  friction-wheel. 
But  so  soon  as  the  pen  lever  ceases  to  act,  the  slow  movement  of  the 
band  10  moving  in  the  direction  of  the  arrows,  graduall^^  replaces  P  upon 
the  friction-wheel  and  stops  the  machinery. 

This  was  one  of  the  first  modes  devised  and  used  by  Morse  to  control 
the  distant  apparatus.  By  comparing  this  with  the  mode  by  which  M. 
Sortais  accomplishes  the  same  result,  it  is  i>erceived  that  although  the 
original  mode  called  the  stopping  apparatus,  and  early  patented  by 
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Morse,  accomplished  its  result  well,  the  more  recent  one  of  M.  Sortais 
accomplishes  it  better. 

The  following  appears  in  the  New  York  Express  of  May  19,  1863, 
showing  that  the  same  result  substantially  was  obtained  by  the  ingen- 
ious Professor  Wheatstone,  apparently  unconscious  that  it  had  been 
accomplished  some  twenty-five  years  previous  in  the  United  States: 

"Automatic  Control  of  the  Telegraph. — Professor  Wlieatstone 
has  just  perfected  a  most  extraordinary  and  valuable  improvement  in 
telegraphs — a  private  letter-printing  apparatus  working  by  itself,  so  that 
no  clerk  or  attendant  is  required.  A  merchant  can  now  lock  up  his 
counting-house,  and  on  his  retiu'n  find  every  message  faithfully  reeonled 
in  legible  tyi>e  during  his  absence  by  this  bejiutiful  little  machine.  (So 
tells  us  the  Boston  Transcript.)" 

The  only  novelty  in  this  "improvement"  is  the  adapting  to  machinery' 
for  printing  the  ordinary  letters  the  automatic  controlling  apparatus 
invented  by  Professor  Morse  in  1837,  and  which  he  patented  in  France 
in  1838,  and  in  Washington  in  April,  1846,  and  by  which  "  no  clerk  or 
attendant  is  necessary  at  the  distant  tenninus,  and  by  means  of  which 
a  merchant  can  now  lock  up  his  counting-house,  and  on  his  return  find 
every  message  recorded  during  his  absence."  All  this  is  substantially 
announced  in  the  Rei)ort  of  the  Committee  of  Commerce  of  the  House  of 
Representiitives,  December  30,  1842.  In  detailing  the  sui)erior  advan- 
tages of  Prof<*ssor  Morse's  invention,  the  chairman  says:  ^'Possessing 
an  advantage  over  electric  telegraphs  heretofore  in  use,  inasmuch  as  it  re- 
cords in  permanently  legible  characters  on  pai>er  any  communication  which 
may  be  made  by  it,  without  the  aid  of  any  agent  at  the  place  of  recording j 
except  the  apparatus^  which  i^put  in  motion  at  the  point  of  communication. 
Thus  the  recording  apparatus,  called  the  register,  may  be  left  in  a  closed 
fhamber^  where  it  will  give  notice  of  its  commencing  to  write  by  a  belly  and 
^  communi<*ation  may  be  found  on  opening  the  apartment.^ 


CHAPTER   VI. 

INFORMATION    CONCERNING     TELEGRAPHS    IN 

VARIOUS  COUNTRIES. 

The  United  Kingdom  of   Great  Britain  and  Ireland,  statistics  of  electric 
telegraphs  in — letter   of  sir  charles  bright — india — france,  questions 
to  and  answers   from  viscount  de   vougy — holland — prussia — austria— 
Denmark — Letter  of  Director  General  Faber — Sweden— Letter  of  Direc-. 
TOR  General  BrandstrOm— Spain— Italy— Egypt— Turkey— Australia— Peru. 

GREAT  BRITADf. 

The  following  questions  were  addressed  by  Professor  Morse  to  the 
eminent  secretary  of  the  Submarine  Telegraph  Company,  Sir  James 
Carmichael,  Baronet,  London,  directing  the  telegraphic  corresponden(.*e 
between  the  United  Kingdom  and  the  Continent.  Sir  James  lias  courte- 
ously sent  the  subjoined  answers : 

"1.  What  telegraphic  systems  are  used  in  the  British  dominions? 

"Answer.  The  system  used  by  the  Submarine  Telegraph  Company  for 
corresi>ondence  between  Great  Britain  and  the  continent  of  Europe  is 
the  Morse  exclusively.  The  systems  used  by  the  United  Kingdom  Tele- 
graph Company  are  the  Morse  and  the  Hughes  type-printing  instru- 
ment. The  systems  in  use  by  the  Magnetic  Telegmph  Company  are  ^ 
Bright's  patent  beUs  for  the  most  important  circuits,  i.  e.,  for  lines  on 
which  rapidity  of  working  is  essential,  and  on  which  there  is  a  large 
amount  of  business.  For  other  circuits  (raUway  lines,  &c.)  Highton's 
single -needle  instniment  is  used.  The  system  used  by  the  London  Dis- 
trict Telegni})!!  Company  is  one  brought  out  by  Mr.  Tyers,  and  is  a  single- 
i^dle  instniment  which  is  worked  with  the  Morse  code.  The  Electric 
and  International  Telegraph  Company  use  the  Morse  system  for 
international  work,  and  also  for  large  circuits ;  Dujardin^s  type-printing 
instrument,  and  the  double-needle  instrument,  (Cooke  and  Wheatstone.) 

"  2.  How  many  of  each  system  t 

*^  Answer.  The  number  of  instruments  in  use  by  each  company  is 
given  in  the  accompanying  table,  extracted  from  the  volume  of  mis- 
cellaneous statistics  issued  in  March,  1867.  A  later  volume,  to  the  end 
of  1867,  is  now  in  course  of  publication.  The  number  of  instruments 
of  submarine  company  is  fifty-one,  as  per  last  return. 

^^  3.  What  are  the  advantages  and  disadvantages  of  each  system,  in 

1  The  **  patent  bells  ^  iustnunent  of  Sir  Charles  Bright  ia  an  improvement,  as  well 
as  a  modification  of  the  original  Morse  sounder.  The  improvement  consists  in  utilic- 
ing  the  positive  and  negative  onrrentSy  to  vary  the  sonnd,  creating  an  eoonomy  of  timd 
in  transmiaaion.— 8.  F.  B.  H. 
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cost  of  instrnments  and  repairs,  in  rate  of  speed  or  qnantity  of  intelli- 
fxuce  in  a  given  time  T 

"  Answer.  Highton's  single-needle  iustmment  is  said  to  be  the 
cheapest,  costing  only  about  50«.  or  £3.  The  type-printing  instniments 
are  the  most  costly,  but  transmit  witli  ^reat  rapidity.  Tlie  instrument 
knovn  as  '  Bright's  patent  bells,'  transmits  an  average  of  forty  words 
a  minate.  The  Siibmariue  Telegrajdi  Company  working  direct  between 
London  and  Paris  can  transmit  forty  messages  an  honr,  taking  long  and 
Rbort  together,  by  one  Morse  circnit. 

"4.  How  many  mites  of  conductors  are  constructed  T 

"Answer.  This  qnestion  is  answered  by  the  annexed  extract,  (See 
table.) 

"5.  What  are  the  expenses  and  receipts  per  aunnm,  and  the  net 
revenue  to  the  state  or  to  the  companies  t 

Answer.  Copies  of  the  reports  of  the  various  companies,  for  the  year 
1867,  are  annexed  and  will  show  these  particulars." 
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of  electric  telegraphs  /or  the  use  of  the  public,  in  the   United 
Kingdom,  m  each  of  the  gears  1863,  1864,  and  1863. 
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Statktics  of  electric  telegraphs — Continued. 


Telegraph  eompaalet. 


Electric  and  International 

BrltlMb  and  IrUh  Magnetic  t 

Southeaatem  Railwaj 

London,  Brighton,  and  South  Goant  Railway. 

London  district 

The  United  Kingdom 


Submarine . 


Number  of  Instmments. 

• 

*Number  of  pubtk  mewagea. 

1863w 

1864. 

1865. 

1863. 

1864. 

1865l 

4,489 

5,136 

5,778 

(*) 

(*) 

(*) 

1,042 

C) 

C) 

827,424 

1, 030, 142 

1,251,965 

142 

158 

159 

62,968 

69,623 

88.711 

69 

74 

92 

43,208 

52,942 

66,583 

192 

191 

195 

247,606 

308, 0)2 

316,272 

172 

285 

358 

• 

226,729 

• 

518,651 

743,870 

6,582 

• 

^l 

C) 

O 

11345, 784 

C) 

C) 

*  Not  aioertained. 

t  The  number  of  mowages  to  and  from  the  Continent  trauKraitted  Jointly  by  this  company  and  the  Sub- 
marine Telegraph  Company,  and  the  number  of  mei(«ages  for  railway  companies,  newnpapers,  and  newi 
roomM,  are  not  included  with  the  meuages  for  the  public. 

I  No  return. 

^  Kxclusirely  for  continental  traflSc. 

II  Tc  and  from  foreign  countries. 

LETTER  OF  SIR  CHARLES  BRIGHT. 

From  a  letter  received  from  Sip  Charles  Bright  in  August,  1868,  at  the 
moment  of  his  leaving  New  York  for  Liveri)ool,  the  following  extracts 
are  nmde.    Sir  Charles  siivs: 

"Generally,  as  regards  the  in8trun\ents  in  the  United  Kingdom,  the 
Electric  Telegraph  Company  use  the  Morse  instruments  on  the  principal 
commercial  circuits,  and  the  needle  instniment  on  small  and  unimport- 
ant <*iix'uits,  and  also  for  the  niilway  stations  and  signaling. 

'*  The  magnetic  company  use  my  sound  instrument  since  1854,  for  nearly 
all  the  ciiTuits,  (some  niilway  stations  excepted,  where  a  single  n(^dle 
system  is  used.)  The  railway  companies  seem  to  prefer  the  needle  instru- 
ment; so  we  supi)ly  them. 

"The  Subnmrine  Company  use  the  Morse  instrument  onlj',  their  wires 
being  all  in  circuit  with  the  continental  svstem. 

"The  United  Kingdom  Company,  (a  snudl  company,  started  since  you 
wen^  in  England  in  1S57,)  usi»  the  Moi-se  instruments,  and  also  several 
Iluglies  tyiH»printing  instnunents.  • 

"The  only  nuHlitlcaition  in  the  Morse  instniment  is  the  use  of  ink 
instead  of  the  point  in  ix»gistering  the  marks.  The  needle  instrument  is 
much  the  same  a8  of  old,  except  that  a  single  wire  and  single  needle  is 
usimI, 

"The  sound  instrument,  which  1  adopte<l  for  the  Magnetic  Company, 
consists  of  two  Ih«11s,  dull  in  sound,  and  differing  in  note,  placed  on  each 
Bide  of  the  oiH^nitor  aUmt  on  a  line  with  his  ear*  These  are  worked  by 
a  relay  sending  currents  through  one  or  the  other,  aceonliug  to  the  sig- 
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nalA  required.  Two  keys  are  used  for  sending;  one  for  the  right  or 
IK)8itive  ( -h)  current  5  the  other  for  the  left  or  negative  ( — )  current.  One 
wire  is,  of  course,  used.  X^ere  is  no  difference  in  the  dui*ation  of  either 
sdgnal,  and  this  is  the  saving  of  time,  compared  with  one  of  the  sounders 
used  here,  (in  the  United  States,)  where,  in  employing  dots  and  dashes, 
the  latter,  (I  take  it,)  require  three  times  the  duration  of  a  dot.  In  the 
other  the  signals  are  all  dots;  but  a  Morse  operator  can  use  it  by  con- 
sidering one  key  as  a  dotj  the  other  as  a  dashy  but  sending  dots  on  both. 
It  is  the  quickest  instrument  of  a  non-mechanical  kind."  • 

INDIA. 

The  total  number  of  miles  of  telegraph  lines  in  India,  in  1866,  was 
13,390^  miles,  and  of  offices  174.  At  the  rate  of  three  instruments  to 
two  offices,  there  would  be  261  instruments. 

FRANCE. 

QVESTIONS  TO,  AND  ANSWERS  FROM,  VISCOUNT  DE  VOUGY. 

In  January,  18(57,  tlie  following  questions  were  addressed  to  the  admin- 
istrator of  the  French  telegraphs,  the  Count  de  Vougy,  at  the  request 
of  the  Western  Union  Telegraph  Company : 

'*Can  you  oblige  me  by  furnishing  me  with — 

**1.  A  copy  of  the  tariff  of  charges  on  telegrams  in  France,  and,  so  far 
88 practicable,  in  otlier  European  countries? 

"2.  The  number  and  names  of  the  telegraph  systems  in  use  in  France; 
how  many  of  each  system  are  employed,  and  their  adaptedness  or  fitness 
for  particular  service  ? 

"3..  The  average  number  of  messages  or  telegrams,  of  a  certain  length, 
sent  daily  f 

'*-L  The  comparative  number  capable  of  being  sent  by  each  system! 

"5.  The*  jiroportion  between  those  for  the  government  service  and  for 
private  or  comnu»rcial  service  f 

'*6.  Where  can  be  obtained  telegraphic  maps  of  lines  in  France  and  in 
other  countries? 

"7.  Is  the  English  needle  system  anywhere  in  use  in  France?" 

The  following  is  the  answer  of  Count  de  Vougy,  dated  Paris,  Feb- 
mary20,  1867: 

*'I  have  collected  the  different  documents  that  you  had  the  goodness 
to  request  from  me,  and  I  have  the  pleasure  of  sending  them  to  you: 

**L  *Tlie  first  is  the  genenil  tiiriff  of  telegraphic  dispatches  of  the 
French  empire.  .It  comprises  two  distinct  parts — the  one  relating  to 
the  interior  correspondence,  the  other  to  the  internation.il  corres[>ond- 
ence.    There  is,  besides,  as  complementary,  the  Moniteur  T^»l^grai>liique 

■The  docnments  here  mentioned  were  sent  to  the  company  in  New  York  three 
libs  before  my  appointment  as  United  States  CommiMioner. — S.  F.  B.  IL 


120  PARIS  UNIVERSAL  EXPOSITION. 

of  December,  1805,  remaining  in  use,  to  determine  the  taxes  of  the  offices 
(not  numerous)  elsewhere,  which  have  not  yet  adhered  to  the  rules  of 
the  international  convention,  concluded  at  Paiis  the  17th  of  May,  1865. 

"1  have  also  added  to  the  tariff  the  text  of  their  convention,  and  the 
regulations  made  in  consequence. 

"  A  note,  in  which  is  collected  the  information  that  the  administration 
in  France  possesses  on  the  interior  tariffs  of  different  states  of  Europe, 
in  short,  completes  this  first  series  of  documents. 

'*II.  Four  systems  of  apparatus  are  employed  by  the  French  adminis- 
tration: 1.  The  Morse  apparatus.  2.  The  dial  apparatus.  3.  The  Hughes 
apparatus.  4.  The  Caselli  apparatus.  There  are  counted  in  the  service 
of  the  Morse  system,  1,600;  dial  system,  1,180;  Hughes  system,  135; 
Caselli  system,  6. 

''The  inherent  merits  of  the  Morse  system,  and  of  which  the  principal 
ones  are  its  marvelous  simplicity,  and  great  reliability  in  its  action, 
mahitain  its  use  on  the  greatest  number  of  the  net-work  of  lines. 

"The  Hughes  apparatus  replaces  it,  however,  with  advantage  upon 
the  conductors  of  great  length,  when  the  quantity  of  dispatches  to  be 
transmitted  is  in  abundance. 

"The  apparatus  h  cadran^  or  dial  apparatus,  is  employed  in  a  certain 
number  of  city  and  semaphoric  offices,  the  agents  of  communes  and  of 
the  marine,  who  manage  these  posts,  not  being  always  in  a  cx)ndition  to 
acquire  the  knowledge  necessary  to  work  an  apparatus  less  elementary. 

"As  to  the  pantelegraph  of  Caselli,  the  public  has  not  been  permitted 
to  make  use  of  it  but  uim)u  two  or  three  principal  lines,  and  besides  has 
not  shown  much  eagerncvss  to  i>rofit  by  the  advantages  it  prt^sents.  A 
)n*inting  dial  apparatus,  invented  by  M.d'Arlincourt,  has  been  tried  with 
success  winni  some  lines  of  small  extent,  but  it  has  not  yet  been  admitted 
into  definite  practice. 

**  III.  8tatisti<*s,  drawn  up  in  1860,  have  pennitted  us  to  ascertain  that 
the  numlnn*  of  telegrams  of  twenty  words,  tninsmitte<l  during  this  same 
year,  amount  to  sixty-thnn*  jrt  cent,  of  the  telegrams  of  all  lengths  sent 
in  the  siune  jH^riml.  There  has  not  been  kept  an  account  sinw*  then,  in  a 
prt»cist*  manner,  of  the  ciunparati  ve  number  and  extent  of  these  dispatches. 
I  am  incliuHl  to  think,  nevertheless,  that  the  im>iK>rti<m  of  these  tele- 
gnims  which  tlo  not  exciHHl  twenty  wonls,  the  minimum  limit  of  the  tax, 
is  augmentiMl  tluriug  the  last  years  in  the  same  pit)i>ortion  as  telegraphic 
ci>rit»s|Mmden4*e  has  Ihh»ii  impularized. 

**The  pamphlet  iHMiring  the  title  *  Tablmu  des  produitit  des  bureaux  de 
iV'tat  rii  ISiM,'  will  furnish  you  with  many  inten*sting  indications  uinm 
the  extent  of  the  Fivneli  net  work  of  win»s,  and  u|H>n  the  results  of  its 
wtirking.  It  is  in  phuH*  to  rt^nmrk,  at  all  times,  that  these  n»sults  do  not 
include  the  state  eom*s|H>udeiuv,  fhn*  tVi>m  tax,  and  of  which  the 
rtHH'ipts,  estiniattHi  by  onler,  have  amounttHl  for  the  year  1SIJ5  to  the  sum 
of  1,8(H),631  fhuics  18  ceiitiuie«k    The  French  administration  pablishes 
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this  docnment  every  year.    I  will  hasten  to  send  to  you  that  which  relates 
to  the  yeaf  1866  as  soon  as  it  shall  appear. 

**IV.  The  productive  power  of  the  different  apparatus  used  irt  the 
service  is  represented  in  practice  by  the  following  means,  determined 
(apon  the  interval  in  the  space  of  an  hour)  for  telegrams  composed 
onifonnly  of  twenty  words: 

The  Hughes  apparatus 50 

The  3Iorse  apparatus 20 

The  dial  apparatus 15 

The  C^iselli  apparatus 40 

The  mean  attributed  to  this  last  cannot,  however,  be  cousidei*ed  as 
precise,  the  surface  of  the  paper,  which  sen'es  as  the  basis  of  the  tax, 
bearing  a  number  of  words,  more  or  less  large,  according  to  the  form  of 
the  writing  of  the  sender. 

"V.  In  1864  the  total  number  of  private  dispatches  has  been 
1,967,748;  that  of  the  official  dispatches,  526,613;  1865  has  furnished 
for  the  one  2,473,747,  and  for  the  other  568,647.  The  api)roximative 
proportion  between  the  transmissions  of  the  state  and  tliose  of  private 
persons  is  then  about  one-fourth. 

"VL  The  map  or  chart  of  the  telegraphic  net- work  in  France  is  not 
in  the  market.  It  is  published  by  the  administration,  but  the  works 
executed  in  the  last  year  have  rendered  it  incomplete  and  inexact  upon 
80  many  points  that  it  cannot  at  the  i)resent  time  give  a  just  idea  of  the 
state  of  our  telegraphic  communications^  A  new  edition  is  going  to  be 
put  to  press,  and  you  may  be  sure,  my  dear  sir,  that  you  shall  receive 
one  of  the  first  proofs. 

"  I  send  you,  to  supply  in  some  degree,  in  the  absence  of  this  docu- 
Ment,  and  also  to  inform  you  upon  the  telegraphic  net- work  of  the  dif- 
ferent' EuroiKjan  states,  a  copy  of  a  chart  published  about  a  year  ago 
by  the  Prussian  government.  But  I  expect,  likewise,  to  transuMt  to 
Jtm  soon  a  more  detailed  document  on  the  international  net- work  of 
our  continent. 

"  VII.  The  English  needle  system  is  not  in  use  in  a  single  office  in 
Prance. 

**  I  add  to  the  different  pamphlets,  which  answer  the  questions  wn- 
tained  in  your  letter,  a  late  document  which  includes  the  complete  col- 
lection of  the  laws,  decrees,  rules,  and  instructions  which  regulate  the 
French  telegraphy.  It  bears  the  title  of  "  Recueil  Administratif^^  and 
comprises  five  volumes  bound,  and  a  bundle  destined  to  fonn  the  sixth 
volume,  to  the  end  of  1867. 

"  If  these  diftVrent  publications,  and  the  indications  contained  in  this 
letter,  do  not  entirely  meet  the  wishes  of  the  Western  Union  Company, 
I  remain,  my  dear  Mr.  Morse,  with  pleasure,  at  your  disposal  to  complete 
them  88  far  as  possible. 

^  I  avail  myself  of  your  obliging  offer  to  furnish,  <»i  f 
company,  all  the  information  that  may  appear  interestbii 
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istration  tx)  obtain  upon  American  telegraphy.  For  this  purpose  I  am 
preparing  a  series  of  questions,  and  I  will  have  the  honor  of  soon  send- 
ing them  to  you. 

'^  In  conclusion,  I  take  advantage  of  this  communication  to  give  you, 
as  a  mark  of  my  personal  respect,  a  volume,  in  which  is  collected  the 
diplomatic  documents  of  the  international  conference  of  Paris."    ♦    • 

HOLLAND. 

The  following  is  a  letter  of  M.  Faring,  the  referendary  charged  with 
the  direction  of  the  state  telegraphs  in  Holland,  to  Hon.  Hugh  Ewiug, 
United  States  minister  to  Holland,  dated  the  Hague,  April  27,  1868 : 

"  In  answer  to  the  letter  of  Professor  Morse,  of  the  22d  instant,  which 
I  have  received  through  you,  I  have  the  honor  to  communicate  to  you 
that  the  telegraphic  system  known  by  the  name  of  the  English  needle 
system  is  not  employed  anywhere  by  us,  neither  on  the  lines  of  the 
state,  nor  on  those  of  private  companies. 

"  I  propose  to  send  you  soon  an  answer  to  the  other  questions  of  Pro- 
fessor Morse,  which  were  addressed  to  me  in  your  letter  of  the  22d 
instant."    •    •    • 

As  i)roposed  in  the  preceding,  the  following  letter  of  the  referendary 
Faring  to  the  minister  resident  of  the  United  States  at.tlie  Hague,  the 
Hon.  Mr.  Ewing,  dated  the  Hague,  May  7,  1867,  was  written  as  a  fur- 
ther answer  to  the  questions  proposed  by  Professor  Morse : 

"  In  accordance  with  the  promise  of  my  letter  of  the  27th  April  last. 
No.  3,188,  I  have  the  honor  to'  address  you  the  inclosed  information 
respecting  the  Netherland  telegraphs,  requested  by  Professor  Morse,  in 
your  letter  of  22d  April  last. 

'^  In  that  which  follows,  the  order  of  the  questions  proposed  has  been 
observed : 

"  I.  There  are  two  telegraphic  systems  now  established  upon  the  tele- 
graphic state  lines,  the  Morse  system,  {li  nwlette,)  with  the  inking  wheel, 
after  the  construction  of  Messrs.  Digney,  and  the  Hughes  system.  This 
last  has  been  but  lately  introduced,  and  is  not  used  but  upon  the  most 
fre<iuented  lines. 

''  On  the  Ist  of  January,  1868,  there  were  in  use,  of  the  Morse  appa- 
ratus, 216;  of  the  Hughes,  3. 

'^The  railroads  which  are  operated  by  private  companies,  (and  of 
which  I  cannot  give  more  jirecise  information,)  employ  about  150  instru- 
ments, of  which  the  greater  part  are  constructed  after  the  Morse  sys- 
tem, with  or  without  a  constant  current.  Upon  some  of  these  railroads 
the  dial  instruments  are  still  used,  but  these  instruments  are  rapidly  dis- 
ai)pearing. 

"  II.  On  the  1st  o*f  January  last  the  net- work  of  telegraph  lines  of  the 
state  had  an  extension  of  2,328.3  kilometers,  with  a  total  length  of  wire 
of  6,863.2  kilometei-s. 

^^  III.  From  the  preceding,  it  results  that  the  telegraph  service  of  the 
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state,  as  well  as  of  the  railroad,  is  almost  exclusively  performed  by 
instruments  constructed  after  the  Morse  system,  the  Hughes  instrument 
doing  service  only  on  the  most  frequented  lines,  and  the  dial  instruments 
disappearing  more  and  more.  It  is  not,  therefore,  necessary  to  discuss 
the  question  of  the  relative  value  of  the  different  systems  for  greater  or 
lesser  distances,  nor  for  the  railroad  service. 

"  The  use  of  the  telegraph  for  domestic  life  or  for  cities  scarcely 
exists  with  us. 

"  IV.  The  receipts  of  the  state  telegraphs  amounted  in  1867  to  about 
500,000  florins  of  Holland;  the  expenses  to  750,000  florins.  The  ex- 
pense of  the  maintenance  of  the  lines  during  the  same  year  was  about 
175,000  florins;  the  expense  of  new  constructions,  240,000  florins. 

The  price  of  a  Morse  apparatus  {h  nwlette)  constructed  by 

Digney  Mres,  Paris,  is 180  florins. 

Of  a  relay  magnet 80  florins. 

Of  a  key  or  manipulator 14  florins. 

Of  a  commutator 10  florins. 

Of  a  galvanometer 15  florins. 

Total  Morse  apparatus 290  florins. 

Total  cost  of  a  Hughes  instrument  constructed  by  P.  Du- 

moulin  Fromeut 800  florins. 


'^Y.  The  number  of  persons  attached  to  the  state  telegraphs  are 
found  in  a  circular  to  the  different  European  telegi^aph  administrations, 
a  copy  of  which  I  have  the  honor  to  inclose  herewith.  I  also  inclose  a 
C5opy  of  the  report  to  the  King  upon  the  condition  of  the  Netherland 

telegraphs  in  1866,  and  a  copy  of  the  new  map  of  our  telegraph  lines." 

#  •  •  •  #  • 

The  circular  alluded  to  in  the  foregoing  letter  is  here  given.  It  is 
signed  by  Faring,  charged  with  the  direction  of  the  telegrai)hs,  and 
dated  the  Hague,  February  11, 1868 : 

"  Confonnably  to  the  article  57  of  the  convention  of  Paris,  I  have  the 
honor  to  send  to  you  below  some  statistical  information  upon  the  per- 
sonnel and  the  offices  on  the  1st  January,  1868,  the  extent  of  lines  and 
telegraphic  wires,  as  well  as  the  number  of  dispatches  over  the  net- work 
of  the  Netherlands  during  the  year  1867 : 

"  Direction. — The  referendary,  charged  witli  the  direction  of  the 
telegraphs  of  the  state ;  the  controller,  charged  with  the  working  and 
re8i>onsibilities  of  the  lines;  three  principal  clerks ;  the  engineer,  charged 
with  the  technical  ser^dce;  two  assistant  engineers. 

"  Employes  op  the  Offices. — Mne  inspectors  of  the  lines,  direc- 
tors of  the  offices;  44  directors  of  offices;  23  sub-directors;  225  telegraph- 
ists, (operators;)  49  clerks;  142  manufacturers  of  instruments. 
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"  Personnel  op  Technical  Service.— Ten  conductors ;  10  inspec- 
tors. 

"Net-work  op  the  State. — ^Length  of  lines,  2,328.3  kilometers, 
(about  447  English  miles ;)  length  of  wires,  6,863.2  kilometres,  (about 
1,340  English  miles.) 

"Number  of  Offices. — Of  the  state,  including  four  auxiliary,  87; 
of  private  companies,  107.  (Among  those  last  offices,  there  are  38  which, 
being  established,  [duns  des  locality  de  service,]  by  the  bureaus  of  the 
state,  are  not  inserted  in  this  list.) 

"Number  op  Apparatus. — ^Morse  system,  216.  Some  steps  have 
been  taken  to  introduce  the  Hughes  apparatus  upon  some  of  the  lines  of 
the  Netherlands  net-work. 

"  Work  of  1867.— Number  of  internal  dispatches 492,733 

Number  of  international  dispatches. . .      370,340 

Number  of  in  transitu  dispatches 249,904 

Number  of  dispatches  {de  service)  in  serv- 
ice of  the  line 7,188 

Total  1,120,225 


'>  Receipts,  495,800.40  florins  Holland. 

"  The  miiform  tax  for  the  telegraphic  correspondence  between  two 
Netherland  offices,  whether  they  pertain  to  the  state  or  to  some  private , 
company,  has  been  reduced  since  the  1st  of  January,  1868,  from  0.50  to 
0^  floiins  of  Holland  for  one  simple  dispatch."  ♦  ♦         ♦ 

PRUSSIA. 

In  a  letter  from  Professor  Morse,  dated  February  15,  1868,  to  Herr 
von  Chauvin,  director  general  of  the  Prussian  telegraphs,  he  requested 
answers  to  the  following  questions : 

"  1.  Can  you  oblige  me  by  furnishing  me  with  a  copy  of  the  tariff  of 
charges  on  telegrams  in  Prussia,  and,  as  far  as  practicable,  in  other  coun- 
tries t 

"  2.  The  number  and  names  of  the  telegraph  systems  in  use  in  Prussia ; 
how  many  of  each  system  are  employed,  and  their  adaptedness  or  fitness 
for  particular  service  f 

"  3.  The  average  number  of  messages  or  telegrams  of  a  certain  length 
sent  daily  f 

"  4.  The  comparative  number  capable  of  being  sent  by  eaeli  system  I 

"5.  The  proi)ortion  between  those  of  government  service,  and  for 
private  or  commercial  service  f 

" 6.  Where  can  telegraphic  maps  be  obtained! 

^^  7.  Is  the  English  needle  system  anywhere  in  use  on  the  Prussian 

lines  f 

t 


D  them  <|ii«i<tioils  tlio  oblit;in^'  iliit'ctor  ^eneriil  uiitdi*  lUa  fulloHiiig 
I,  ill  a  letter  ilat«d  Hnrch  l>,  i8<>8 ;    * 
f-*l.  Thi>  tnrllV  »]>[>)ioablo  to  tli«  tvlcf^iti^Lie  corre-spoudciiue  uf  North 

titMty  is  dt.^ U' rill i tied  its  fullowe: 
t  "a.  For  diRimi«'lii>8  cxriiiuiged  iK^twwu  tlii'  bitrenus  wf  Uic  Xortli  Git- 
n  ('rinftHleniliun ;    E<'irHt  zimv,  (dt»tiincu  of  14  Ueriiian  miluH,}  5  silv(>r 
kIu-d;  M.-L-otidKoui.',((listatiot)of  oOUL-riuuiimik'is,)  lU»ilvi>Tgroecbeu; 
i  wmr,  (iUhUtiuo  over  50  Uermun  miles,)  IQ  silver  groai^heu. 

r  dis[talrUe8  exHinn(;ed  betnt-eu  Nortb  Ceruitiiy  »iid  the  other 
<  boloTifpiit!  to  the  South  Qeriiiaii  Telegraphic  Uaiori,  tAustrifl; 
■varia.  WurU'jnborg,  and  Baden :)  First  zone,  (disbincp  of  ll>  iiiiles,) 
Siilr«rgroscheD;  seeoud  zone,  (dist^ince  of  45iuileR,)  IC  silver  groachen ; 
itord  luno.  (over  45  miles,)  24  silver  gfosehen. 

"ft  I>i-'<[>otchee  destiued  for  other  Eriroitejin  states  are  taxe<l  iu  con- 
foniiiTy  with  the  tariflf  prpwrribeil  by  the  eotiveutioii  of  Paris.  .  •  •  • 
iDiUijinH'  fixes  the  tenuinii)  ur  liiial  tax,  which  reverts  to  each  stute 
lia  till.'  correspondence,  (en  pravitutnfv,)  or  at  the  destination  of  iU 
olUut's,  mid  that  of  tniiisil,  which  rmerts  to  ejich  state  for  the  corre- 
^luiti'iiire  which  passes  through  its  territory.)  Tho  tuxes  mentioned 
alwvp  apply  t«  the  simple  dispatch  of  twenty  words. 

"2.  'file  teleK'''>phic  systems  adopted  by  my  admin istratioo  are  the 
Manif  ap[i:tratU8,  the  Hughes  appai-itliis,  and  the  t^iemens  type  apparatus. 
"The  Hughes  Hppunitii.s  is  prindpally  lifted  to  oiieiate  mion  the  direct 
llui'«  n-hioh  are  freed  from  the  hilmr  of  the  int^rmcdiatd  offices,- and  upon 
"Inch  the  correspondence  is  ver>'  active  and  contimions.  it  operates 
'■^tTwti  Bt-rlin  on  the  one  side,  and  Paris,  Vienna,  Warsaw,  Frankfort- 
ii  tbe-Mntn,  Hreslau,  Koenlgsberg,  Ilamburg,  Cologne,  on  the  other 

■'The  type  apiwratus  of  Siemens  is  cmidoyed  in  (he  cschangt*  of  cor- 
mpnndenee  Itetween  the  large  cities  of  Prnssta. 
*Iii  tlic  yortii  (iermaii  ofllees,  (not  including  those  of  the  railway's,] 
r  ore  iu  actual  use  of  tlie  apparatus  Morse,  2,1192 ;  apparatus  Hagbes, 
b  apparatus  Siemens,  G. 
^3.  The  mean  number  of  dis|>atches  daily  transmitted  by  the  Sorth 

lAti  ofliccs  (not  including  the  dlspati^heiii  in  tniusit)  is  T.OT.'i. 
M*.  The  comparative  imuibcr  of  dis|«itches  which  can  Iw  truusmittcd 
i  dlBTerenl  systems  in  the  Bi>ace  of  one  hoar  is, '  20  to  .W  for  the 
enpiutratus;  40  to  5(tforthe  Hughes  apparuttu;  (tO  fur  the  Siemeus 

A (Ifxpatehe-H  indicated  above  are  in  the  followingralio:  2,6 per 

Utb^s  of  the  state ;  2.2  per  cent,  dispatches  of  the  Hcr%ice ; 

at.  privatt^  disjintches. 

L  The  English  needle  apiMiratns  baa  never  been  in  oae  in  Prussia." 

I  Hone  iustmmentH  cost  UL  llorins  each,  or  222  florios.    The 
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two  together  cost  less  than  one-third  of  the  cost  of  one  of  the  Hughes 
apparatus.  If,  then,  two  Morse  instruments  are  employed,  with  one 
operator  to  each  instrument,  which  is  equivalent  to  the  manning  of  one 
Hughes,  we  have  the  means  of  doubling  the  number  of  dispatches,  in  the 
comparison  of  the  two  apparatus,  (the  Morse  and  the  Hughes.)  But  the 
recent  tests  of  the  capacity  of  the  Morse  show  that  a  single  Morse  instru- 
ment can  transmit  even  as  high  as  130  dispatches,  of  twenty  words  each, 
in  one  hour,  while  a  single  Hughes  instrument  can  transmit  at  the  utmost 
from  fifty  to  sixty  per  hour. 

We  have,  therefore,  this  result:  Two  Morse:  two  operators;  cost,  222 
florins;  260  dispatches.  One  Hughes:  two  oj^erators;  cost, 700  florins; 
60  dispatches. 

Bemabk. — If  two  Morse  apparatus  are  employed  at  the  same  time, 
each  requires  a  circuit,  that  is,  two  circuits,  while  the  Hughes  requires 
but  one.  This  makes  an  important  difference  in  the  calculation;  but 
still  the  result  is  one  hundred  and  forty  in  favor  of  the  work  of  the  two 
Morse  apparatus  against  the  work  of  one  Hughes  apparatus. 

DENMABK. 

LETTER  OF  DIRECTOR  GENERAL  FABER. 

In  answer  to'  questions  similar  to  those  addressed  to  the  telegraphic 
administrations  of  other  countries,  the  following  information  lias  been 
furnished. by  the  director  general  of  Danish  telegraphs  in  a  letter  to  the 
Hon.  George  IL  Yeaman,  United  States  minister  to  Denmark,  dated 
May  2,  1868 : 

"  1.  Throughout  this  kingdom  the  Morse  telegraphic  system  is  the  only 
one  used  on  the  government  lines  as  well  Jis  on  private  and  railway  lines, 
the  instruments  being  partially  of  an  older  construction  with  relays, 
partially  newer  ones  without  relays,  and  writing  with  ink.  The  fire 
telegraph  in  this  city  has  magnetic-induction  dial  instruments  of  the 
manufacture  of  Messrs.  Siemens  and  llalske,  in  Berlin.  The  English 
needle  system  is  nowhere  in  public  use  in  Denmark.  On  the  lines  of  the 
government  we  have  124  Morse  instruments ;  on  private  lines,  21  Morse 
instruments ;  on  railway  lines,  58  Morse  instruments ;  on  the  fire  tele- 
graph line  in  Copenhagen,  22  induction  dial  instruments. 

"2.  The  government  lines  have  an  extension  of  950  miles  English, 
containing  2,298  miles  of  single  wire ;  the  private  lines  have  an  exten- 
sion of  324  miles,  with  338  miles  of  single  wire ;  the  railway  lines  have 
an  extension  of  265  miles,  with  275  miles  of  single  wire  ;  the  fire  tele- 
gmph  in  this  city  contains  11  miles  of  line  by  20  mile^  of  single  wire. 

"3.  According  to  the  experience  made  in  this  country,  I  should  prefer : 

"  For  long  distances  and  for  short  ones,  the  Morse  system  with  a  line 
current ;  for  railway  service,  the  same  with  constant  current ;  for  city 
or  domestic  use,  the  magnetic-induction  dial  apparatus  of  Messrs.  Sie- 
mens and  Halske. 
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"4.  The  account  of  the  last  year,  as  we  take  it  here  from  April  X  to 
.  March  31,  having  not  yet  been  quite  finished,  an  exact  indication  of  the 
aggregate  receipts  and  expenses  cannot  be  given.  Approxiinatelj'  the 
receipts  of  the  government  telegraph  have  amounted  to  151,500  rigsda- 
ler,  and  the  expenses  to  142,330  rigsdaler,  of  which  latter  24,650  rigsda- 
ler  are  costs  of  maintenance.  Oge  hundred  and  fifty  functionaries  are 
engaged  in  the  telegraph  service  of  the  government.  The  number  of 
those  in  private  and  railway  telegraph  service  I  cannot  state  exactly, 
but  calculate  it  to  be  about  eighty. 

"5.  Acc»ortling  to  the  desires  expressed  by  Professor  Morse,  I  append 
to  this  a  map  of  the  telegraph  lines  and  stations  in  Denmark,  a  statistical 
survey  of  the  traftic  on  the  Danish  lines  in  the  year  1807,  and  a  repre- 
sentation of  the  extension  of  the  government,  from  tlieir  first  establish- 
ment to  the  expiration  of  the  year  1866." 

SWEDEN. 

LETTER  OF  DrRECTOR  GENERAL  BRANDSTROM. 

The  following  is  a  letter  from  the  director  general  of  Swedish  tele- 
graphs to  his  excellency  General  Bartlett,  United  States  minister  resi- 
deut  at  the  court  of  Sweden,  dated  Stockholm,  Ai>ril  19,  1868: 

^  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter  of  the  14th 
instant  accompanied  with  that  of  Professor  Morse,  addressed  to  you  of 
the  date  of  March  18  last,  and  I  hasten  to  answer  the  (piestions  of  the 
professor  respecting  Sweden. 

"As  to  Norway,  whose  offices  and  telegraph  lines  are  under  the  juris- 
diction of  a  special  administration,  I  am  i)ersuaded  that  you  will  obtain 
all  necessary-  explapations  by  addressing  the  chief  of  this  administration, 
M.  le  DinH'teur  Nielson,  whose  address  is  Christiania. 

'*It  is  the  system  Morse,  which  is  exclusively  adopted  for  all  the 
offices  of  the  administration  of  telegraphs  in  Sweden.  This  system  is 
also  employed  for  all  the  telegraph  oflBces  of  the  railways,  except  in 
some  small  offices  where  the  dial  apparatus  is  used. 

"The  English  needle  system  h.as  notl>een  used  in  any  part  of  Sweden. 

"  It  is  probable  that  sooner  or  later  the  administration  of  the  tele- 
graphs will  adopt,  for  some  of  tlie  principal  lines,  the  nughes  system, 
but  at  the  present  time  we  have  none  of  this  apparatus. 

**In  regard  to  the  organization  of  the  Swedish  telegraphs,  the  exten- 
sion of  the  lines  bi4onging  to  the  administrcition  of  the  telegraphs,  the 
expenses  for  repairs  of  these  lines,  the  internal  taxes  of  the  countrj*, 
&c.,  I  hope  that  Mr.  Morse  will  find  sufficient  explanations  in  consulting 
the  accompanying  xmnted  papers,  to  wit :  First,  notices  of  the  organization 
of  the  Swedish  telegraphs,  and  statistical  table  of  the  action  fdu  motire- 
w^entj  of  the  dispatches  during  the  year  1866 ;  and,  second,  international 
notification  of  the  Swedish  administration  of  the  telegraphs,  to  the  *^^' 
April  27, 1868,  containing  statistical  information  for  the  year 


• 
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^^The  accompanying  map  indicates  all  the  telegraph  offices  of  the 

country.    The  lines  marked  as  being  in  construction  are  already  com-  ^ 

pleted."  ♦  ♦  ♦  ♦  ' 

The  following  is  the  information  alluded  to  in  the  foregoing  letter, 

issued  as  a  circular  by  Director  General  Brandstrom,  and  dated  April 

27, 1868 : 

"  Conformably  to  article  57  of  the  coiivention  of  Paris,  we  have  already 
had  the  honor  to  send  to  you,  on  February  27  last,  the  map  of  our  tele- 
graphtc  net- work  prepared  to  the  end  of  the  year  1867. 

^*  Here  is  some  statistical  information  upon  the  personnel,  the  offices 
in  8er\ice,  and  the  extent  of  the  lines  and  the  telegraph  wires  at  the 
same  epoch,  as  well  as  a  table  of  the  action  of  the  dispatches  upon  the 
Swedish  net- work  during  the  said  year. 

PERSONNEL. 

a.  Central  administration. — One  director  general,  2  inspectors  general, 
2  assistant  inspectors  general,  1  professor  of  physics,  (physicieny)  1  in- 
tendant  general  of  economy  and  accounts,  1  secretary-in-chief,  1  keeper 
of  the  records,  1  keeper  of  the  books,  1  cashier,  1  intendant  of  the 
materials,  2  examiners,  5  other  employes — total,  19  persons.  ' 

"  6.  Employis  in  th€  electric  offices. — Thirteen  directors,  chiefs  of  the 
principal  offices ;  86  commissaries,  chiefs  of  offices  of  the  second  and 
third  classes,  or  placed  in  an  office  of  the  first  class,  either  as  assistants 
of  the  chief  or  as  cashiers ;  169  assistants,  chiefs  of  the  smaller  offices, 
(of  whom  21  are  women,)  or  employed  in  the  others — ^in  all,  268  persons. 

"  c.  Emphyh  in  the  optical  offi^ces. — Eighteen  chiefs  of  offices ;  22  em- 
ployes, subalterns — in  all,  40  persons. 

"Telegraphic  offices. — Offices  belonging  to  the  telegraphic  admin- 
istration— 

(a.)  Electric 96 

(b.)  Optical 18 

114 

Offices  of  state  railways,  (of  which  21  are  open  for  international 
correspondence) 91 

Offices  of  private  companies,  (of  which  23  are  open  for  intema- 
tion<al  con-espondence) 70 

Total 275 


"  The  number  of  apparatus,  (Morse  system,)  employed  in  the  offices  of 
the  telegraph  administration  is  277. 
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^^  Lines  of  the  telegraph  administration. 


Length  of  lines. 


Liici  etUblithed  on  the  railwayt 

LiartcftaUiiibedon  the  great  rondit 

8ibaarim  csable  between  Sweden  and  the  Iile  of  Gotland. 
SMnuriiM  eab!e  between  Sweden  and  the  Isle  of  Oland. . 


Length  of   wire 
conductors. 


Kilometert. 

1.033 

4,525 

103 

3 


5,664 


KUometers. 

3.  430 

8,273 

103 

3 


11,799 


Kilometecc. 

lines  with  one  wire w 2, 089 

Lines  with  two  wires 1, 903 

Lines  with  three  wires 1, 172 


Lines  with  four  wires. 
I4nes  with  five  wire«. . . 
Libes  with  six  wires. . 
Lines  with  seven  wires 
Lines  with  eight  wires 


312 
82 
45 
30 
31 


Total  length  of  the  wires 5, 664 


**The  submarine  cable  between  Sweden  and  Prussia,  whieh  is  seventy- 
three  kilometers  in  length,  and  contains  three  wire  conductors,  belongs 
in  common  to  the  two  countries. 

"At  the  same  time  Sweden  possesses,  in  conjunction  with  Denmark, 
the  cable  laid  in  the  Sound.  This  cable  is  fifteen  kilometers  long,  and 
contains  four  wire  conductors,  of  which,  however,  only  two  are  in  use. 

'^  International  correspondence  in  1867. 


Name*  of  the  states. 


Xerway ^ 

Aifkn  and  Tunis. 
Korth  America. . . . 

Aaslrte 

BMlea 

Bavaria 

Brlgiain 


Number  of  dispatches 

Number   of  dbpaiches 

from  the  state,  and  pri> 

from    the  state,    and 

vate    dispatches    tent 

private  dispatches  re- 

firom Sweden  for  Nor- 

ceived in  Sweden  from 

way  and  foreign  coun- 

Norway and  from  for- 

tries. 

eign  countries. 

14,  «W 

11,532 

65 

61 

4 

8 

lis 

141 

37 

46 

58 

42 

704 

711 

345 

854 

14,705 

16,096 

Total. 

96,334 

146 

19 

953 

W 

100 

1.415 

599 

31,409 
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"  International  correspondence  in  1867 — Continued. 


Names  of  the  states. 


Egypt 

Spain 

Finland 

France 

Cyreat  Britain  and  Ireland 

Hamburg 

Italy 

Lnbec 

Malta 

Ifecklenbnrg 

Ifoldaria,  Wallachia., 

Holland 

Portugal , 

Prossia 

Bntsia,  European,  f except  Finland) 

Saxony 

Swltxerland , 

Turkey,  European 

Turkey,  Asiatic 

Wnrtemberg 

Other  Qerman  states 


-Number  of  dispatches 
from  the  state,  and  pri- 
vate  dispatches  sent 
from  Sweden  for  Nor- 

Number of  dispatches 
from    the    state,  and 
private  dispatches  re- 
ceived in  Sweden  from 

Total. 

way  and  foreign  conn* 
tries. 

Norway  and  from  for- 
eign countries. 

2 

3 

5 

354 

351 

705 

1,989 

2,057 

4,046 

3,295 

3,256 

6,551 

9,702 

10,598 

20,300 

4,587 

4,911 

9,498 

234 

252 

466 

1,201 

988 

2,189 

1 

8 

9 

344 

407 

75i 

5 

2 

7 

1,053 

1,010 

2,063 

124 

140 

264 

4,004     ' 

3,743 

7,747 

2,144 

1,967 

4,111 

144 

98 

242 

131 

126 

257 

5 

19 

24 

1 

1 

2 

21 

16 

37 

84 

94 

178 

60,277 

59,540 

119,817 

"  Comparative  table  of  the  transmission  of  dispalcliesj  and  their  receipt  in 

1866,  1867. 


1866. 

1867. 

Increase  in  1867. 

/ 

t 
1 

•3 
S 

9 

• 

% 

a 

9 

a 

-a 
§ 

1 

• 

i 

1 

1 
s. 

"s 

s 

0 

8 

0 

1 

a. 

Dispatches. 

Receipts. 

Service,  inte- 
rior  

Service,  inter- 
national   

Transit 

2^834 

94,974 
57,098 

Fret. 
64.2 

22.3 
13.5 

Franc*. 
402,645 

{440,909   } 

314,025 

120,943 
61, 137 

Fret. 
63.3 

24.4 
12.3 

Franc*. 
528,894 

{441, 991  J 

Number. 
41,191 

25,969 
4,039 

Fret. 
15.1 

27.3 
7.1 

Franc*. 
66,249 

I     1,088 

Fret. 
14.3 

0.25 

Total 

424,906 

100 

903,554 

496, 105  '  100 

1 

970,885 

71,199 

16.8 

57,774 

7.45 
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**  Revenues  and  receipts  for  the  year  1867. 

"  For  the  electric  lines : 

1.  Bevenaes : 

Francs. 

a.  Receipt  proceeding  from  the  correspondence 961,328 

h.  Contribation  from  certain  communes  for  the  rents  of 

the  offices,  &c 9,556 

c  Subsidy  accorded  by  the  government  for  the  construc- 
tion of  new  lines,  and  the  multiplication  of  wire  con- 
ductors  '. 263,320 

Total 1,234,204 

2.  Expenses : 

0.  Salaries  of  the  officers,  repair  of  the  old  lines,  &c 905,150 

h.  Construction  of  new  lines,  and  multiplication  of  wires.      248,504 

"  For  the  optical  lines,  (semaphores :) 

1.  Revenues : 

a.  Receipts  proceeding  from  correspondence 3,332 

h.  Subsidy  accorded  by  government 40,781 

Total 44,113 

2.  Expenses : 

Salaries  of  officers,  and  repairs  of  the  telegraph,  &c 42,066 

SPAIK. 

LETTER  FROM  DIRECTOR  GENERAL  SANZ. 

The  following  is  a  letter  fr6m  the  director  general  of  Spanish  tele- 
graphs to  the  minister  of  the  United  States,  John  P.  Hale,  dated  Madrid, 
April  27,  1868 : 

"  In  reply  to  your  valued  favor  of  the  21st  instant,  I,  to-day,  have  the 
pfeasare  of  gi\'ing  you  the  following  information,  which  you  have  re- 
quested of  me : 

"The  system  of  telegraphs  used  in  the  government  lines  in  Spain  is 
»lely  and  exclusively  that  of  Morse.  As  an  auxiliary  to  this  apparatus, 
there  is  also  used  an  English  needle  for  the  purpose  of  observing  the 
calls  at  one  end  of  the  line  when  the  Morse  apparatus  is  being  used  at 
the  other. 

"The  extent  of  the  lines  is  10,735  kilometers,  and  of  the  wires  24,134 
kilometers. 

"  As  the  Morse  system  is  the  only  one  used,  there  is,  of  course,  no 
means  of  comparing  it  with  others. 

"The  railway  companies  use  for  their  purposes  Bregaet'8  *" 
ntiuL 

^The  receipts  for  cliarges  on  dispatches  amount  to  ' 
[upaX  to  $42,122  55  gold.) 
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"  The  personal  expenses  (pay  of  oflSeers,  operators,  &c.)  amount  to 
9,044,500  reals,  ($45,222  50  gold,)  and  the  expenses  for  working  mate- 
rials (wires,  chemicals,  &c.)  to  3,704,020  reals,  ($18,520  10  gold.) 

" I  inclose  a  telegraphic  map  and  other  documents,  which  may  serve 
to  give  a  detailed  knowledge  of  the  organization  of  the  telegraphic  sys- 
tem in  Spain,  and  also  the  letter  which  was  put  into  my  hands  at  the 
central  office.'' 

ITALY. 

From  Italy,  in  addition  to  answers  to  questions,  there  have  been  re- 
ceived, through  the  prompt  attention  of  the  United  States  minister  to 
Italy,  his  excellency  George  P.  Marsh,  a  large  number  of  valuable  public 
documents,  relating  to  the  telegraph,  which  have  been  sent  to  the  de- 
partment at  Washington. 

The  following  are  the  statistical  data  of  Italian  telegraphs  furnished 
by  the  director  general,  in  answer  to  the  same  questions  which  had 
been  addressed  to  other  telegraph  administrations : 

"  I.  On  January  1,  1868,  there  were  in  operation — 

Morse  apparatus 1,017 

Hughes  apparatus 14 

Total 1,031 

*'II.  Miles  of  line,  9,496  English  miles;  miles  of  wire,  22,211  English 
miles. 

"III.  Apparatus  best  adapted  for  long  distances  and  for  short  ones  : 
Tlie  Hughes,  if  the  lines  are  in  the  best  condition,  and  with  much  diffi- 
culty, otherwise  the  Morse.  For  railway  service :  The  Morse.  For  city 
or  domestic  use :  This  service  has  not  yet  .in  Italy  had  any  great  devel- 
opment. What  there  is  now  in  the  city  is  done  by  the  Morse  apparatus. 
If  this  senice  becomes  more  active  the  Hughes  may  be  better,  or  better 
thetubular  system  adopted  in  Paris  and  Berlin.     , 

"  Eftective  revenues  for  private  dispatches  of  1867,  4,278,925  francs  ; 
onlinary  expenses,  4,100,000  francs;  extraordinary  expenses,  180,000 
francs;  cost  of  apparatus  and  other  material,  (seeallegato  o;)  personal 
expenses  for  maintenance  of  the  apparatus  of  1867,  24,168.50  fi-ancs, 
adding  a  small  sum  for  the  purchase  of  small  materials  for  repairs. 
Total  number  of  employ<^s,  2,374.  (For  distinction  of  grades  and  classes 
see  table  marked  a,  and  the  manuscript  of  the  allegato  a,) 

"  IV.  No  English  system  is  in  use  in  any  part  whatever  of  Italy. 

"V.  For  fuller  information  on  the  condition  of  the  telegraph  in  Italy 
see  the  accompanying  documents.''  ^ 

*Thn  (U>cumciit8  uUiuled  to  liavo  Invn  forwanled  to  the  department^  and  are  as  fol- 
lown: 

(a.)  Organico  doir  Amministraziono  dei  Telegrafi  Italiani,  del  18  Settembre,  1865,  c 
Buccemivo  variazioni,  17  Ottobre,  1866,  e  8  Dicembre,  1867. 

(6.)  Regolamento  pel  senriiio  dei  telegrafl,  del  4  Mano,  1866. 
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EGYPT. 

The  telegraph  administration  in  Egypt  was  addresseil  through  the 
United  States  consul  general,  Hon.  Charles  Hale,  in  Alexandria,  and, 
through  his  prompt  attention,  the  following  information,  supplied  by 
Hartley  J.  Gibson,  esq.,  director  of  Egyptian  telegraphs,  was  received 
in  reply  to  questions  proi)osed  : 

"  Question  1.  Please  give  the  names  of  the  telegniph  systems  employed 
in  the  Egyptian  dominions,  and  the  number  of  each  system. 

"  Answer.  The  Egyptian  government  telegi"ai)hs  under  my  direction 
are  confine<l  to  those  in  the  Soudan  country,  the  whole  of  which  are 
worked  on  the  *  Morse'  system- 

"Question  2.  How  many  miles  (English)  of  telegraph  connection,  and 
bow  many  miles  of  telegraph  wires  ? 

"Answer.  They  commence  at  Assouan,  and  are  all  in  construction. 
The  wliole  lines  are  constructed  with  two  wires,  (Xo.  S,  not  galvanized,) 
thus  affording  two  lines. 

Telegraph  lines  in  Egypt 


Auoaan  to  Wady  Haifa 
Wady  Hal/a  to  Onrdeh  . 

Onrdeli  to  Ambaked 

Amtaked  to  Berber 

Berber  to  If  etammeh 

MetamiBeh  to  Khartam. 

Berber  to  Katwala. 

Kaasala  to  Souaklm 

Haasovah  to  KaaeaU 


Mllei  wire. 

430 

520 
S40 
340 
520 
224 
480 
540 
530 

3,494 


(c.)  Regolameuto  per  la  correspondenza  teloj^rafica  noH*  interuo  dello  stato,  del  10 
Dicembre,  1865. 

(d.)  Servizio  del  vaglia  telegraficL 

(e.)  Servizio  dei  vaglia  wuiaforioo. 

{/.)  Servizio  dei  nell'  intcrno  delli  cittA. 

(g.)  Tariffa  geiierale  dei  deapacci. 

{K)  Guida  iiidice  dei  circuiti  e  utfici  del  regno. 

(i.)  Casta  delle  linea  telegratiche  di  corresiK>udenza  generale  ed  internazionale,  I 
Giugnio,  1867. 

(Jt.)  Casta  delle  liiiea  telegraftclio  di  tutti  i  fill,  1  Giugiiio,  1867. 

(l.)  Casta  delle  linea  telegrafiche  delle  distanze  del  1865. 

(m.)  Tavola  delle  commnnicazione  pel  systema  "  Morse." 

(».)  Modelll  degli  isolatori  in  uso. 

(o.)  Nomcnelatura  e  prezzi  del  materiale. 

(p.)  Relazione  Btatistica  pel  biennio  1865^-66. 

(q,)  BuUettino  telegrafico.  Publicazione  mensile  contincuto  disposizloni  ufflciali,  e 
una  parte  uou  ufficlale  di  studi,  inveuzioui  e  notizie  dl versa  si^uuisce  quello,  di  Marzo, 
18G8. 
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''  The  line  between  Assouan  and  Berber  is  completed,  with  the  ex- 
ception of  the  section  between  Wady  Haifa  and  Ourdeh.  This  part  of 
the  country  is  so  infested  with  white  ants  that  iron  posts  are  a  necessity. 
These  have  accordingly  been  procured  and  sent  to  their  destination^  and 
before  the  end  of  November,  (1868,)  this  section  will  be  completed. 

"  The  section  between  Massouah  and  Kassala  has  not  yet  been  com- 
menced. That  between  Berber  and  Kassala  is  under  construction,  and 
on  its  completion  in  Noveuaber  next,  that  between  Berber,  Metammeh, 
and  Khartum  will  be  undertaken. 

"Independentlj' of  the  towns  mentioned,  there  are  others  on  the  route 
where  stations  exist,  and  many  intermediate  ones  will  be  hereafter 
organized. 

"  Of  the  delta  telegraph  lines  I  refrain  now  from  si>eaking ;  but  I 
believe  there  are  about  820  miles  of  line,  a  considerable  portion  of  which 
comprise  two  or  more  wires. 

"Between  ^Vlexandria  and  Cairo  (135  miles)  they  have  one  wire, 
worked  on  the  'Morse'  system.  The  line  also  from  Cairo  to  Gaza 
(300  miles)  is  worked  by  that  system ;  on  all  the  rest,  including  about 
600  miles  from  Cairo  to  Assouan,  the  double  needle  is  used. 

"  Question  3.  Wliich  s^'stem  has  experience  shown  to  be  best  adapted 
to  the  following  purposes,  to  wit :  A,  for  long  distances ;  B,  for  short 
distances ;  C,  for  railway  service ;  D,  for  city  or  domestic  use  t 

"  Answer.  With  regard  to  your  question  3,  my  experience  goes  to 
prove  the  following :  A,  the  'Morse;'  B,  the  'needle;'  0,the  *  needle;' 
D,  the  'Morse.' 

"  Question  4.  What  are  the  aggregate  expenses  and  receipts,  cost  of 
instruments,  of  maintenance,  and  number  of  employes  f 

"  Answer.  Quite  unanswerable. 

'*  As  a  postscript  to  my  not^?,  I  add,  that  the  telegraph  lines  owned 
by  foi*eign  nations  in  Eg^i>t  are  three,  to  wit :  1st.  The  Mediterranean 
and  Maltu  Company's  line,  Alexandria  to  Suez,  220  miles  of  line,  440 
miles  of  wire.  '  Morse  system.'  2d.  The  Suez  Canal  Company,  from 
Zagazig  to  the  Isthmus,  (distance  unknown.)  'Morse  system.'  3d.  The 
Alexandria  and  B^imleh  Railway  Comjiany's  line,  (five  miles,)  ten  miles 
wire.    '  Needle.' 

"  A  line  is  proiK)sed  by  tlie  Egyptian  government  from  Zagazig  to 
Wady." 

TIJRKEY. 

LETTER  FROM  HON.  J.  P.  BROWN. 

The  following  letter,  of  the  date  of  June  1, 1868,  has  been  received 
from  lion.  John  P.  Brown,  secretary  of  legation  to  the  Ottoman  Porte, 
in  answer  to  one  addressed  to  him  in  relation  to  Turkish  telegraphs : 

"  Many  thanks  tot  your  interesting  i>amphlet8  on  the  subject  of  your 
invention  of  the  telegraph.    Dr.  Staniatades,  of  this  cit^^,  was  a  pupil  at 


•>  > 


tbf  rAll4'e<>,  {New  York  City  miiversity.)  wlipii  ymir  disoovcry  was  origl- 
luilly  niiuli.'  kiiijwii,  ami  caii  vmieh  tor  what  yoti  Ikivl-  Mtiitt-il  ttivi-i-iu.  Ho 
Kiiifiutiers  olparly  that  yuti  wpiv  tlic  sole  iiivciiti>r.  1 1'l-i-!  miinh  interest 
io  ull  that  wJiicpniH  yourself  »nii  tht<  tfltinrupli,  I'roiri  thv  fiwt  tlinl 
lOnt  HiHikf  of  it  itprsoiially  to  liis  late  MnjtHty  Sult^iti  AIhIiiI  Miyid, 
anil  with  I>r.  J.  L.  8iiiitli,  of  Louisville,  Kentut-ky,  ami  Dr.  L\  Uamliu. 
ubtbtlwl  tlif  womltTfiil  iuveutiou  to  liit*  Mi^jesty  anil  all  of  bis  tnioia- 
im  nod  olbcrs  at  the  palace  of  Bcyl«r  Bwy  on  the  Bosphorus. 

*'l!ia  Majesty  wished  them  to  luive  it  put  up  Iji'tweeii  hio  eapital  ant! 
Bnynut,  and  1  told  him  that  I  fearwl  the  people  woidd  cut  the  wires.  Sio w 
Ibtn  '  )fttr)tf'»  t*'h*BTapli'  is  spreml  over  the  whole  of  the  empire. 

"Hip  nunister  rtwideiit  hiw  sent  inc  your  two  letter«  of  iuqniry,  and  1 
viH  ia  a  day  or  two  report  to  him  on  tlie  stime.  In  the  mean  time  I 
ban  he«n  able  to  report  to  him  that  the  'Bn^'li»h  needle  (tystem'  is 
Mttutil  in  auy  l>art  of  thi»  empire.  The  present  minister  of  publie 
vorks,  leU'sniphrt,  &<:.,  is  n.  G.  Dafld  Paeha,  a  Catliolic  (.'hristjau,(late 
gwreruor  general  of  the  I^'batton,)  mid  a  very  learned  and  iutelligcut 
num. 

"A  Mr.  ITiighes  (an  Ameriran)  wiis  here  scnne  time  since,  at  the 
ivqnrst  of  the  Porti',  to  iustriiet  inipils  in  his  eysbmi,  (I  believe  one 
vMch  prints  tlie  lettt'r8;)an(\  1  siijipow  therei>ort.  whieh  I  am  promised 
frum  the  director  wUl  show  this.  At  all  times  ready  to  Itc  of  any  Bcr- 
tm  to  yiMi." 

Tlw  following  is  a  letter  to  his  excellency  E.  Joy  Morris,  United 
SifetaH  tniniitter  to  the  Ottoman  Porte,  IWim  James  Milliugen,  esq., 
dfaictDr  of  ude^iphs,  dated  Pera,  June  4, 18GS: 

"1  have  the  honor  to  communicato,  according  to  your  re^ueet,  the 

ItfRHttion   r(^«peeting  the  Ottoman  tele^fraph  a<linlnistraUo)i,  accom- 

UM  with  n  map  of  tlie  t^deyraphic  net- work. 

••  In  law  onr  net-work  comprised  fi,  IJW)  kilometers  of  Haes,  and  1.1,821 

blietent  of  wii-ei*,  and  H'i  stations. 

"To-dny   we   |toiwe:<s   27,ri(Hl  kilometers  of  liuBti,  5G,S30  kihimeters 

t  wires,  and    SIO    ntatious,  divided    into    s;t4itionB  of   intematioiinl 

mo!,  and  Htatlon.s  of  interior  aervi<:e.    Consefjueutly,  in  tiie  upace 

rira  yirnrs,  oar  net-work  biui  more  than  ipmdnipled. 

♦*\Vi!  are  eouneeled  directly  with  Auatria  by  three  routes,  MoKtar- 
Hilkinricb,  ISvu<lralJiiste1l».^tua,  itnd  GradiHka ;  Italy,  by  Valona, 
EHnnte:  Ibe  prineipalitieH  Moldo-Val'iuei^,  by  thrM^  route's,  Tiiltcha- 
il,  Tnlteha-Oalatz.  and  HiiKltihiik-ffiurgevo ;  Serbia,  by  two  routes, 
^Aleiinatz  and  Widdiii  N'e^otin;  I'ursia,  by  Hanuokia  (baggi 
tan)  Kiruianobah;  Kgypt,  by  <(aza  Elaricb ;  Greece,  by  Polo-Lamia; 
id,  Aiuillv,  with  the  Indian  telejpiiphiti  network,  bv  the  cable  ending 

"The  c(iWe«  which  pat  tbo  Ottoman  empire  in  communirntion  with 
M  Anbfpelngo,  and  whieb  belong  to  an  English  company,  a 


136  PARIS   UNIVERSAL   EXPOSITION. 

all  interrupted ;  but,  according  to  advices  we  have  recently  received,  we 
hope  they  will  shortly  be  re-established. 

"  We  have  but  a  few  small  cables  in  the  Bosphorus,  to  the  Darda- 
nelles, and  in  the  Danube:  four  in  the  Bosphorus,  of  1,500  meters  each, 
of  which  two  are  for  the  Indian  transit ;  two  to  the  Dardanelles,  of  3,000 
meters  each ;  five  in  tbe  Danube,  of  which  two  above  Ismail,  of  1,000 
meters  each;  one  above  Galatz,  of  1,500  meters;  one  above  Soulina,  of 
1,500  meters;  and  one  above  Rustchuk,  of  1,500  meters. 

"  All  our  great  lines  are  constructed  with  two  wires  of  galvaniaed 
iron  of  four  millimeters  in  diameter.  Some  small  branch  lines,  or  for 
interior  service,  are  constructed  with  wire  of  three  millimetei*8  diameter. 

"  The  great  Asiatic  line  from  Constantinople  to  Fao  has  been  con- 
structed with  two  wires  of  six  millimeters,  because  of  the  great  distances 
of  the  stations.  In  fact,  the  mean  distance  of  these  stations  is  102  kilo- 
meters ;  but  from  Kerhuk  to  Bagdad  it  is  calculated  at  little  less  than 
350  kilometers ;  and,  in  short,  Moussoul  works  with  Bagdad,  a  distance 
of  520  kilometers,  without  intermediate  relays. 

"  Upon  the  line  from  Asm,  Pera  w  orks  sometimes  direct  with  Sivas^ 
a  distance  of  910  kilometers,  without  intermediate  relays.  All  these 
wires  of  the  first  quality  are  annealed  with  charcoal. 

"  The  insulators  employed  are,  of  the  Siemens  model,  in  castings  of 
metal ;  the  French  model,  in  porcelain,  furnished  by  the  house  of  Bre- 
quet.  For  some  time  we  commenced  to  employ  the  Belgian  collar- 
model. 

"  In  consequence  of  the  difficulties  of  the  ground,  the  want  of  rail- 
roads, and  of  carriage  ways,  the  lines  followed  tracts  for  the  most  i)art 
arbitrary.  But  the  present  direction  is  turning  its  attention  to  rectify- 
ing these,  as  far  as  i>ossible,  by  taking  advantage  of  new  routes,  which 
are  being  constructed  in  ditterent  parts  of  the  empire. 

"  Our  posts  ai'e  of  oak,  and  some  of  them  of  iiine,  (spruce.)  They  are 
neither  injected  nor  Ciirbonized  at  their  base. 

^^The  administration  thinks  seriously  of  the  improvement  of  con- 
struction, which  owes  its  delay  only  to  some  local  difficulties. 

'^  Tlie  apparatus  employed  are  all  of  the  Morse  system,  furnished  by 
the  manufacturers,  Breguet,  Siemens  &  Mouilleron,  to  the  number  of 
1,020.  We  employ,  also,  the  ai>paratus  Huglies,  upon  the  great  line  of 
transit  from  Pero  to  Valona,  and  also  between  Pen  and  Semlin ;  soon  it 
will  be  put  between  Pera  and  Bagdad  to  fivcilitate  the  Indian  corresiwnd- 
ence.  This  apparatus  is  better  for  a  long  line,  while  for  shorter  dis- 
tances the  apparatus  Morse  is  more  convenient. 

'"  The  dial  api>aratns  are  no  longer  employed  ui)on  our  lines.  They 
require  to  oiH*mte  all  these  api>aratus  about  16,000  Daniel  elements, 
French  model. 

**  Towards  liagdad  we  have  some  ijosts  fenfonte)  of  cast  iron,  which 
have  not  given  the  results  that  we  expected,  as  the  administration  has 
given  them  up  to  be  employed  on  other  lines.    Daring  the  winter  we 


Imn- liad  Iti  uoiilead  ug]iiti)i;t  violent  winds,  ■(■iii]urRtis  and  innndfttioim, 
irlijcli  liavi*  raifiL-d  ami  luostrak'd  tliii  j»u.st.s,  for  our  lint'S  Iraverae  fop- 
j,  IireeiiiiiM.'s,  raviiH'B,  and  wimn  abniiit  moiiiitaiiis,  wlicre  the  aniwr- 
ioteiulpiii-f  uiid  tht!  ri.-i>uir8  wvrv.  dinindt  tu  hv  eifcoutHl,  hut.  nitli  the 
artnal  repairs  of  thu  tni^ks  tlicse  iiicuiivcnivDi-es  liavc  ticiirly  com- 
pM^ly  di.'ctiiiii'areii.  lii  oertain  couiitriffl  wmio  tiirlmU'iit  iumk's  oUva 
tuUM7ii|tt  the  coin iitiinit^it ion  troia  nialevolenre  nr  tnm\  simple  (;iirio!4tty, 
brtieviDg  Iliat  they  wtii  Ity  thin  rueuii«  discuvor  tlie  uijfitories  t>f  tlif  tele- 
grsph.  Act-nstomed  to-day  to  thi«  new  atode  »if  com'SiKiaJpinje  and 
iDflwnMd  by  such  nicasui'ea  that  tli«y  nre  iatvrestwl  iu  tlie  good  repair 
of  the  lino,  wp  have  no  lonjjpr  any  foar  oil  ttiat  wore, 

"IT|t<Mi  p«rrj»in  j>art)*  of  our  liiiCB  the  wires  are  covered  every  winter 
wilh  a  Inyvr  of  fnwl  whicli  attains  Homi-tinies  a  protllgious  tliiekne»s,  bo 
M  to  n^nder  tin*  wlroM  tvu  timeii  lieavit-r  than  in  their  nunnnl  Btato,  )»ro- 
dncins  ninneniuK  liri;ukH. 

"Tliut  faut,  whifli  oceiirs  alwiiy.'4  in  (li«  i*um«*  |ilapes,  and  the  reRUlti*  of 
vUtJi  luv  HO  dttfiLiitt  to  avoid,  is  not  known  to  bi3  explained  but  liy  a 
ijwcial  niPteortilogii-jil  tendency  of  tin-  places. 
"Tb«  liiiieclion  aecks  to  avoid  these  plucos  in  removing  the  lines  every 
m  thai  repairs  tire  netessary.  In  spito  of  these  inconvenienci-8  wilh- 
dnt  buiuIht,  Ihanktslonn  im4p(>c(ion  well  organised,  the  inteiTuption&aru 
Afknilumtiun,  mid  fur  nearly  live  months  the  Indian  transit  lias  not 
nint<;rnipte<d  a  single  instant.  lo  faet,  Conslnntinople  is  in  dia-et 
DBwoaniciition  every  night  with  Vieniia  on  the  one  side,  and  Fno  u[HHi 
I  tlie  Pomiiui  Oiilf  on  the  other,  Vienna  has  worked  many  times  wilh 
Dilritriclr,  Alexinatz,  and  8eiiilin  with  Fau.  Pei-R,  ut  the  same  time, 
nminnitie4tt4>K  with  IIa.-<liii-e,  in  tlie  noulh  of  I'ersii),  and  with  Kuraeliee, 
Aebwt  Indian  stjitioii.  a  dislanee  of  iiliont  five  thousand  kiluiuetiTrK. 

"SutwithstiiMiliii;,;  the  aliuve-inciilioiied  obstacles,  resultd  like  these 
nakuciKnment  nnnocessiiiy,  for  they  sitlliL'e  to  give  an  exact  ideik  of  the 
■ehw]  Ottomun  telograpli. 

"Theae  ameliorations  an*  due  t«  measures  taken  nearly  two  years  ago 
ItUmen-alJon  of  re^poiiMble  ins|>ector»,  and,  in  nhort,  to  the  complete 
^twsanlzHtioii  of  the  direction. 

"BpRiiti  closing  it  will  not  be  aniisti  to  notice  the  existence  «f  two 
KrWrrn,  distinct  and  very  different — the  international  seniee  in  the 
E«Ri|M>an  languages,  and  the  interior  service  in  the  Turkish  hmgnage, 
B  which  cannot  be  eonlbun<ied,  seeing  the  impussiliilityof  asRimi* 
r  ilif  h-tU'rs  of  the  two  alphi(1>ets,  that  which  n-fjuiir.-*  u  donldu 
^CfwHinel  and  involves  a  multitude  of  other  dilllcultieti  that  cannot  bo 
roinii',  bill  hy  pnictiee  the  ex|>erieiice  of  many  years,  and  some 
nt  improvoment:). 
"Thi!  Indian  iliNpiilchcK  reach  us  nnlinarily  on  the  same  day,  and  are 
Bamilti-^  iinmeitiau'ly  to  Valona,  Itelgraile,  or  Vienna;  but  the  Eng- 
i  iHiliIic  hail  nUM-d  many  enmpliiiiits  on  the  snbject  of  the  deUiy  j 
1  ill  tJiew  illspat(;hes.    We  ought  to  remark  on  this  subject, 
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tbjit  the  said  dispatches  do  not  come  all  the  way  in  our  territory,  and 
that  we  often  even  receive  them  from  the  foreign  post  offices  with  an 
ancient  date,  and  that,  in  short,  the  person  to  whom  they  are  addressed 
seldom  knows  by  what  way  his  dispatch  is  to  come  to  him. 

"Dispatches  for  India  can  go  three  diflferent  ways:  1.  Tlie  way 
through  Turkey  to  Fao,  and  the  cable  in  the  Persian  Gulf.  2.  The  way 
through  Turkey  as  far  as  Hann^kin,  and  from  there  the  Persian  route 
by  Bnshire.  3.  Finally,  the  Russo-Persian  way,  without  passing  through 
Turkey. 

"After  a  special  convention  the  dispatches  we  receive  from  Europe  for 
the  Indies  ought  to  be  transmitted  by  us  in  equal  parts  by  the  way  of 
Fao  and  b^^  the  way  of  Hann6kin.  We  receive  them  ordinarily  from 
Europe  by  the  way  of  Valona  or  Belgrade. 

"There  are  also  some  errors  which  render  the  dispatches  sometimes 
undecipherable.  The  Turks,  to  remedy  these  inconveniences,  have 
placed  upon  all  the  lines  of  the  great  Asiatic  line  special  employi5s,  for 
the  most  part  English,  and  who  are  charged  with  the  control  of  these 
dispatches.  Further,  it  is  a  recognized  fact  that  nearly  sll  our  employes 
are  more  or  less  linguists,  a  fact  which  necessarily  facilitates  the 
exchange  of  international  correspondence."  ♦  •  • 

AUSTRALIA. 

Samuel  W.  McGowan,  esq.,  general  superintendent  of  electiic  tele- 
graph in  Vict-oria,  (Austrfilia,)  has  politely  furnished  two  reports  of  the 
advancement  and  condition  of  his  department  for  1867  and  1868,  which 
have  been  forwarded  to  the  State  Department  at  Washington.  They 
contain  maps  of  telegraph  lines  «in  a  portion  of  Australia,  and  tables  of 
the  financial  condition  of  the  department  under  his  charge. 

In  his  report  of  1867  he  alludes  to  orders  for  two  of  "Messrs.  Siemens 
&  Halske's  patent  rapid  writing  type  instruments,"  and  also  for  "one  of 
Professor  Wheatstone's  patent  rapid  writing  instruments,"  wiiich  it  was 
thought  would  aftbrd  greater  facilities  for  speedy  transmission.  Respect- 
ing these,  Mr.  McGowan  remarks:  "In  working  either  apparatus  it  is 
essentially  necessjiry  that  the  line  should  be  in  the  best  possible  stiite  of 
electric  conductivity  and  insulation.  Atmospheric  disturbances  or  other 
existing  cause  would  militate  much  more  against  successful  transmission 
than  under  ordinary  circumstances.  It  must  also  be  borne  in  mind  that 
in  using  the  rapid  writing  instruments,  the  staff  of  operators  at  each 
terminal  of  the  line  will  require  to  be  largely  augmented — the  one  for 
preparing  the  type  or  other  tmnsmitting  material,  the  other  for  effecting 
the  task  of  transcribing  the  matter  as  received  from  the  recording  instru- 
ment." 

This  necessity  for  the  augmentation  of  the  number  of  employes  is  a 
disadvantage  complained  of  at  Berlin  as  one  of  the  great  difficulties  in 
the  automatic  tyi)e-printing  apparatus  of  Messrs.  Siemens  &  Halske. 


3y  n-iiTt-Di-L'  ti)  Sir.  Jli-finwan's  it'iioi-r  fi>r  IftfiS,  Ibis  remark  will  lie 
ml;  "'CliD  nnlw  fnr  ii  supply  of  tlie  raiiirl  initiiig  aiitiJiiiatifi  iiiatra- 
mfntw  lut'iitmiipil  in  my  last  rfiimrt  bus  iN-pri  (■■lUK-uled,  owing  to  tlie 
ndtaactHl  fiisr  of  mnnnftictiire,  nnil  tbe  prolKiWi'  gain  in  the  working  of 
Ikf  Uops  Ih'in};  t)vcrl»on»!  by  tlif  birgu  uxixsiiilititre  involved." 

0  folliiwing  iitw»tiuii)t  wui-c  atUlrpssed  to  tjiimiiul  Walker  MuGowmi, 
t,MiiH'rtnu>u(Ii>tit  gcopral  of  t«lfgrai>li8in  Victoria,  Anstmlia,  and  tlio 
WW*  iinuexfd  tvliinied  under  date  of  Sovembcr  9,  IStiS : 
PL  What  »y»teTaa of  clcctro-t^lographie  comiiinniiiilion  are  in  nse  in 

aliAf 

f3.  Hriw  iniiiiy  iniitniDicttIs  of  eu<-b  system  ? 

Wi.  Wliicli  Hysh>m  has  your  uxiiLTiuiw;  Hhuwn  to  be  the  boat  iidajitt'd 
■ttip  variomt  HL>rviceH  mjuired ! 

V*-  I«  the  Englbtb  ni-i'dle  aystem  in  nee  in  Anstndia;  and  if  so,  to 
itextvntt" 

f'.Kmvt-v  I.  Tilt'  system  known  as  Morse's  electro-nmgnetic  rpiwrdiiig 
^h,  and  (to  a  small  extent  for  loutd  [mriHii«fts,)  ^Vbe-atstone'a  Wsnal 
alM>tJcM]  magiieto-indiK'tion  telotfrHidj. 
*Aii»wer  '2.  Of  Ihe  Morse  system  there  an. — 

>Vlrt«riu 87 

hSew  Sooth  Wales t!2 

pQiweniJaDd 33 

iSoirth  Australia Oi> 

Mewiit«bind -'.'> 

I  TMsmanta 7 

tvtid :;s(i 


tdo  not  take  into  iw^coiitit  any  other  sysU-m.  as  none  other  is  employed 

Itbe  lines  tlininghoiit  the  ironntry.    Pivfesaor  ^Vheatstone's  inMlru- 

•g  an*  BDijiloyed  fi>r  local  lines  between  the  government  offi(;es,  &e.. 

so  far  as  I  am  aware,  ns<'d  on  any  of  the  ordinary  lines. 

fAuswer  3,  I  have  no  liesitation  in  giving  my  o]iininn  in  favor  of  tho 

C  synlttm  for  all  iniiiH)ses  re*[niring  the  transmission  of  large  corre- 

Wlvnve,  where  sini])!icity,  arriu-jny,  and  the  retention  of  a reeonl  of 

tugen,  ns  aetmilly  tiiirjHijiiiit'il,  are  mnlters  of  Imitorhuiee.     I>nr- 

Pmo  exiMifit'ncoitf  ncaj-Iy  lunily  two  yeai-s  mMy  devoted  t^i  my  prw- 

■inT)ft>«sion,  I  have  «eeii  niiiny  other  systems  in  [x-actical  o|>enitt(^D,  but 

R  with  which  I  atii  aeqnaiiited  appears  to  me  to  fultlll  so  tlioroughly 

P  ivquin-nients  of  a  really  efficient  telegrapli  as  tlie  partieiilar  sy*- 

h  iwir  under  mention. 

I^Aniin^r  I.  The  Kngli.sh  single  and  doable  needle  system  {TTenlry^s 
[Di^bi-iQtlnrtion  instvumenls)  yrsm  in  one  on  some  short  railway  lines 
li  AnntraJin  for  u  few  years,  but  it  bos  since  be«n  replacjtl  by 
tt  Untttiirnvnts." 
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The  expansion  of  the  telegraph  in  Australia,  in  the  three  years  1863, 
1804,  1865,  is  indicated  in  the  following  table : 

Telegraph  lines  in  Australia. 


Year. 


1663 
1«64 
1865 


No.  of 
ttatioDS. 

66 
70 
79 


No.  of  mile  R 
wire. 

No.  of 
telegrami. 

2.585i 
2,e26i 
3,  llOi 

234,520 
256.380 
279.741 

RecciptB. 


£24,733 

29,122 

♦34,770 


*  Iq  1667  there  were  In  the  eolony  of  Victoria  86  stationii,  2,526^  mileH  of  liQe,  and  3,119}  mUe«of  wire. 

•  In  the  Australian  Return  to  Parliament  for  1867,  in  the  Appendix  B, 
at  p.  26,  there  is  a  column  headed  "  Average  number  of  words  per  hour." 
The  minimum  is  800  words^lO  dispatches;  the  maximum  is  1,500  words 
=  75  diMi)atches  per  hour.  It  is  worthy  of  notice  that  these  dispatches 
are  sent  by  the  Morse  apparatus,  and  that,  therefore,  the  skill  of  the  Aus- 
tralian operators  is  fiU*  greater  than  that  of  their  European  brethren, 
their  minimum  being  double  the  number  of  dispatches  sent  by  the  same 
apparatus  in  Europe,  and  nearly  equal  to  the  number  ordinarily  trans- 
mitted by  the  operators  in  the  United  States,  while  their  maximum 
number  is  triple  the  number  of  the  European  operators  in  the  same 
time. 

PERU. 

Through  the  courtesy  of  his  excellency  Signor  Bareda,  the  Peruvian 
minister  to  the  United  States,  the  following  information  has  been 
obtained  in  answer  to  questions  proposed  to  the  Telegraph  Adminis- 
tration of  Peru: 

*'  Question  1.  What  systems  of  telegraphy  are  in  use  in  Peru,  and  the 
number  of  instruments  under  ejich  svstemf 

**  Answer.  In  the  first  line  established  in  Peru  (from  Lima  to  Callao) 
the  French  system  of  Breguet  (the  dial  system)  was  used.  This  was 
changed  on  the  finination  of  the  'National  Telegraph  Company,'  which 
substituted  that  of  ^loi^st*  with  closed  ciixuiit,  feircuito  cerrado.J  There 
is  a  double  liiu»  between  those  places,  and  four  appanitus  are  employed. 
Since  the  years  1S65,  1866,  two  lines  wei*e  built  by  the  government,  one 
between  Tacua  and  Ariwi,  (44  mih*s,)  and  another  between  Arequipa 
and  Islay,  (00  miles,)  and  both  of  these  lines  employ  the  Morse*  system. 
Each  line  is  simple,  and  consequently  only  four  apparatus  are  in  use, 
(one  for  each  station.'') 

*'<iuestion  2.  How  many  English  miles  of  telegraph  connection,^  and 
how  nniny  miles  of  wire  ! 

"  Answer.  By  supreme  decn»e  of  July  26,  1867,  permission  was  given 


I  Fmm  fiuim«  ruiiM*  thin  queiitiou  woa  miiiappivhoiulfMl,  ami  ia  answered  as  if  it  bad 
been  **  telegraphic  cuuce^on,**  iiwtead  of  **  telegraph  conneetiaiL  " 
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to  Don  Carloz  Paz  Soldan,  without  guanmtee  or  subsidy,  to  orj^nize  a 
^National  Telegraph  Company,'  which  should  build  a  line  between  Cal- 
lao  and  Lima,  and  as  far  as  Lambayeque,  (500  miles,)  with  stations  in 
Chaueay,  Iluacho,  Casma,  Santa  Trujillo,  San  Pedro,  Chiclayo,  and 
Lambayeque,  and  permission  to  extend  lines  to  intermediate  points. 

"The  government,  by  way  of  protection,  and  as  compensation  for  a 
discount  of  fifty  per  cent,  from  the  taritt*  in  its  favor,  on  messages,  gave 
(as  a  loan  at  six  per  cent.,  payable  in  twenty  years,)  $50,000  worth  of 
materials  and  telegraphic  articles,  which  it  had  in  the  custom  house,  at 
the  cost  of  the  whole  at  Callao. 

"The  company  has  already  in  operation  the  line  between  Callao  and 
lima,  and  to  Huacbo,  (00  miles,)  and  is  constructing  between  Huacho 
and  Casma,  (00  miles  of  this  finished,  and  the  work  goes  on.)  Also  it 
has  a  line  to  Chorillos,  which  is  being  extended  to  Pisco  and  lea,  and 
the  completion  of  this  line,  already  built  as  far  as  Mala,  (00  miles  from 
Lima,)  is  exi)ected  by  the  end  of  September,  (IGO  miles  tp  lea.) 

**The  company  has  also  commenced  work  on  the  line  from  Lima  to 
Cerro  de  Pasco,  (180  miles,)  and  this  will  be  extended  to  larma,  Jauja, 
Huancayo,  Ayaeucho. 

**  At  the  time  of  giving  the  concession  named  to  Paz  Soldan,  the  gov- 
ernment conceded  permission  to  build  the  line  between  Lima  and  lea, 
to  one  Morse,  an  American,  with  concession  also  of  $25,000  in  materials. 
This  individual  did  not  do  anything,  and  has  since  died,  and  the  con- 
cession now  renuiins  void,  as  the  National  Telegraph  Company  is  finish- 
ing this  line. 

"The  government  of  the  dictator.  Colonel  Prado,  offered  $46,000  sub- 
sidy to  an  American  company,  which  proposed  to  place  a  cable  from 
Panama  to  Chiloe. 

"As  the  acts  of  the  dictatorship  have  been  annulled,  that  concession 
also  remains  void. 

"  Recapitulating,  there  is  no  other  pending  concession  than  the  one 
granteil  to  the  'National  Telegra)»h  Company^  for  the  line  to  Lambay- 
eque, (500  miles.) 
Lines  already  built: 

Areciuipa  to  Islay,  on  account  of  government 00  miles. 

Tacna  to  Arica,  on  account  of  government 44  miles. 

Lines  of  National  Company  : 

Lima  to  Callao 6  miles. 

Lima  to  Huacho 90  miles. 

Lima  to  Mala 60  miles. 

Line  completed  in  Casana  and  Huamey 60  miles. 

Total  already  built 350  miles. 

In  construction : 
Mala  to  Yea.. 100  mUi 
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Huamey  to  Huacho GG  miles. 

Lima  to  Cerro  de  Pasco 180  miles. 

Total 346  miles. 

"  It  can  be  stated  that  at  the  end  of  this  year  (1868)  we  will  have  in 
operation  700  miles  of  telegraph. 

"  Question  3.  Wliich  system  has  experience  shown  to  be  best  adapted 
to  the  following  purposes,  to  wit :  A,  for  long  distances ;  B,  for  short 
distances ;  C,  for  railway  service;  D,  for  city  or  domestic  use  ? 

"  Answer.  To  this  question  we  cannot  give  particulars,  on  account  of 
our  short  experience. 

"  Question  4.  Wliat  are  the  aggregate  expenses  and  receipts,  cost  of 
instruments,  and  maintenance,  and  number  of  employes  ? 

"  Answer.  The  expenses  have  not  as  yet  been  very  large.  You  can 
state  them  now.  at  $200  per  mile.  The  receipts  are  calculated  to  give 
nine  per  cent,  now,  but  when  all  the  lines  are  in  operation,  will  be 
twenty-five  per  cent,  on  capital.  The  cost  of  instruments  is  the  same 
in  all  the  markets  from  which  we  ask  them,  adding  exchange.  The 
number  of  employes  which  the  government  has  on  the  two  lines,  be- 
tween Arequipa  and  Islay,  and  Arica  and  Tacua,  is  twelve,  and  four 
directors,  which  is  more  than  necessary.  The  National  Comjiany  has 
now  in  five  stations  already  opened,  and  three  about  to  be  opened,  (also 
one  at  the  palace  for  the  iise  of  the  government,)  say  nine  stations  alto- 
gether, nineteen  employes  and  ten  conductors,  and  four  horses,  for  the 
use  of  these ;  altogether  twenty-nine  employes. 

"  All  its  8er\ice  is  American.  It  has  a  building  in  Lima,  with  its  vari- 
ous departments  separate ;  another  in  Callao,  and  is  about  to*  buy  in 
Huacho  and  Chancay— twelve  instruments  altogether. 

''  Question  5.  Have  you  maps,  documents,  or  other  works  illustrative 
of  the  extent  and  condition  of  the  telegraph  in  any  part  of  South 
America! 

"  Answer.  We  have  no  maps.  By  next  steamer  I  will  send  more  par- 
ticulars, regulations,  &c.,  and  a  letter  I  have  written  for  the  instruction 
of  telegraphers. 

"  Question  6.  Is  the  English  needle  system  employed  on  any  of  the 
lines  in  South  America  f 

"Answer.  No.'' 


APPENDICES. 


-NUMBER  OF  THE  MORSE  APPARATUS  USED  IN 
EUROPE. 

Tlie  tbilonniig  is  tlie  miiiibcr  of  tlio  Morwp  aiipiiriitus  oniploycil  in  tlio 
hirioiis  European  and  AiiBtraliiui  telegnipli  adiniiiistnitioiiH  in  tlie  year 
167: 

e 1 ,  (ktO 

KoUaiid , lilO 

Italy ^ 1, 1117 

Denmark 20;( 

Austria l,.iW 

Hwttzerland 478 

Belgian! 59U 

Pniswia '2,  (iU2 

Ottoman  Empire I,0:i0 

Sweilen / :i77 

■      Austi-alia 280 

P  ZEE 

In  England,  in  one  company,  (the  Electric  and  International  Ti-legrapli 
Company,)  it  is  stated  tliat  tliere  are  7,245  iuatruments.  From  this 
statement,  taken  in  eonnectiou  with  another  by  the  chairunin  of  the 
company,  that  "the  neeille  system  first  used  had  beeu  superseded  by 
tie  Morse,"  and  "the  ink-writer,"  which  is  also  a  Morse  iustruiuent, 
it  may  be  inferred  that  the  greater  part  of  the  7,245  iustrumeuts  are  the 
Morse.     Mr.  Sabine,  however,  states  that — 

This  company  has  in  use  of  the  Morse  instruments Cfi2 

The  United  Kingdom  Company ;{()0 

ritish  and  Irish  London  District  Company 100 

Total 1. 0C2 


a  Kuseia,  Spain,  and  Norway  no  olBcial  statement  of  the  number 
se  instruments  has  been  obtained  ;  but  an  estimate  nmde  from  a 
nparisun  of  the  proportion  between  the  nuniberof  stations  and  instru- 
tnte  Id  other  countries,  renders  it  sntie  to  estimate  at  a  n 
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Exclusive,  therefore,  of  the  number  of  Morse  instruments  employed  in 
the  entire  western  continent,  and  Greece  and  Egypt,  on  the  eastern  con- 
tinent^ the  numbers  amount  to  11,731  Morse  instruments  in  use  on  the 
eastern  continent.  No  direct  statement  of  the  number  of  Morse  instru- 
ments in  India  has  been  obtained,  but  from  the  "return''  to  the  House 
of  Commons  on  the  East  Imlia  telegraphs,  made  June  22,  1868,  suffi- 
cient information  is  gathered  to  give  an  estimate  of  the  probable 
number.  In  casual  conversation  with  one  of  the  firm  of  a  house  which 
furnishes  a  good  proportion  of  the  telegraph  apparatus  for  the  United 
States,  and  mentioning  the  estimate  of  the  number  of  Morse  apparatus 
in  use  exclusive  of  America,  (placing  it  at  nearly  12,00(),)  he  was  asked 
for  an  estimate  of  the  number  in  America.  He  replied  that  that  num- 
ber might  be  safely  doubled  for  America  alone,  stating  at  the  same  time 
that  every  office  had  at  least  two  instruments,  and  that  in  the  last  two 
months  alone  he  had  filled  orders  for  500  of  the  Morse  sounder. 

In  the  appendix  of  the  "Return,"  D,  p.  52,  under  "Tests  upon  which  a 
signaller''  (operator)  "is  to  be  promoted,"  one  of  the  tests  is  "profi- 
cien<;y  in  transmitting  and  reading  Morse  signals."  If,  therefore,  the 
Morse  is  employed  in  the  same  proportion  to  the  number  of  offices  as  in 
other  countries,  the  number  of  offices  in  1866  is  fojuid  to  be  172,  which 
makes  the  number  of  instruments  258.  This  number,  added  to  the 
aggregate  of  11,731,  gives  a  total  of  11,989  Morse  instruments.  Most 
offices  or  stations  have  two  Morse  instruments,  sometimes  more;  hence 
in  estimating  the  number  of  instruments,  it  has  been  assumed  that  the 
proportion  between  offices  and  instriunents  may  safely  be  estimated  at 
one  and  a  half  instruments  to  an  office,  or  three  instruments  to  two 
offices.  On  this  basis  the  number  of  instniments  in  countries  where  the 
number  is  not  definitely  given  has  been  estimated. 


B— INVENTION  OF  THE  TELEGRAPH. 

TWO    LETTERS    ON    THE    QLTISTION :    "  IS    THE    WORLD    INDEBTED    TO 
THE   UNITED  STATES  FOR  THE  INVENTION  OF  THE  TELEGRAPH  f 

Paris,  July  18,  1868. 
Dear  Sir  :  Being  in  company  with  some  English  friends  a  few 
evenings  ago,  there  was  a  shari)  conti-oversy  (conducted,  however,  with 
general  good  feeling)  on  the  subject  of  the  telegraph,  and  the  question 
was  raised :  "  To  whom  is  the  world  indebted  for  the  invention  of  the 
modern  telegniph  ? "  I  contended  that  it  was  to  the  United  States, 
while  my  English  friends  insisted  that  it  was  to  England.  On  asking 
their  authority  for  such  a  dictum,  one  of  the  gentlemen  referred  me  to 
an  article  in  the  Jjondon  Times,  published  in  March  or  April,  in  which 
it  was  distinctly  daiu^ed  that  the  world  was  indebted  to  England  for 
the  telegraph.    Ue  also  seemed  well  posted  in  other  document^  which 


.^MriM 


C  ftnin  1)(»  lil)nir,v.     I  a^kiil  tint  favor  uf  a  Ixini  i^f  lliuin  I'ur  a  few 
Li4  muqucili*  Irotn  tliem: 

I  prewutiiif;  tlin  Albert  Gold  Medal  of  the  Soinety  of  Arts  ill 

I  Xovrmber  of  Ul«l  year,  ( ISli?.)  to  Williivm  Fiitiieipjli  tJmiki", 

e  oluuniiiiii  of  the  nociety  claimed  tbat  It  wnn  eoiirerreil  for  tlio 

ticuil   iulri>du(-tiitu   i»f   the  (^ItMitric   U-1egi~.ipli,   nut  only  to  tliiit 

',  (Eiiglniiil,)  Itiit  trt  every  country  iu  the  wtirld," 

B  a  iioUi  also  (II.  0)  of  pditnr*8  preface  of  »  imiiip)det  by  R*r,  T. 

(Iiititliitr  uf    tliv  distingiiislied   iiitixxlucer  of   the  ck'ctrlv 

loru  into  Etiglaiid.)  lit;  tlitiH  writes  in  cuniniciitiu);  on  tlie  nwnrd 

I'd  says,  speaking  of  ilr.  t'ooke,  'To  wlioiii  tliis 

r  (Kiiglaiid)  is  indebted.'    Mr.  Variey  extends  tlii«  cbiim,  'To 

rape  is  indebted ;'  and  anotiier  writer  makes  tlie  cltuiu  iibsoliite, 

1  lb»  iciirlil  Is  indebted,'  inelndtng  America^' 

t  follows  a  note,  whicJi  re<)iure«  some  explanation,     IJe  miys: 

iniry  (fJit'iit  Brititin)  was  the  only  conntry  in  wliieb  practical 

^by  Wiia  introdneed  ut  tlie  diiti:  of  tin-  award,  (April  ^7,  184J.) 

Dr.   Ilaiuel's  anthority  we  lesini  tlint  Mr.  Samuel  Morse,  of 

I,  dafs  biu^k  Ids  idea  of  an  electric  telegrapb  to  is;(2,  and  seems 

I  rlisU  tbe  idea  bad  exislwl  for  a  century  before.     Hi» 

i  apparHtuH.  original,  Himpk>,  nnd  bigbly  meritorious,  was  worked 

idtiftlly  and  very  uutcli  later.     It  vmn  not  till  1^44  th«t  tbo  tirat 

!i  line  from  Wiishington  to  Bultiuiore  was  completed;  wbtn,  ou 

I  March,  the  first  short  f*'!egnim  of  four  wonls  (diclutf^^d  by  a 

.h,  and  still  i)re8erved  in  tlie  I!i.storieal  Musenm  at  Ilort- 

LCoDiieetieiil,  as  llie  Jir^t,)  unnoniieed  Ilie  existemre  of  >i  pnictical 

(pit  fth  Ilie  Anieiicjin  continent.    This  was  Just  li\e  years  after 

:  WfBteru    IlMilway  Telegraiili  was   iit  work   daily  l»etwoeu 

I  and  Kraylon,  »nd  after  the  varied  ex|)erienee  of  Buglund  was 

i  KtUilietl,  both  in  Euro|Ki  and  Ameriea;  and  three  years  Mll«r 

in«l  Award  vim  nmde  publicly  known." 

I  the  very  alile  pamphlet,  "Government  and  the  Telegriiphs," 

I  lo  Favliameut   in  opjKisition  to  the  bill  for  the  government 

e  nf  the  telegraphs,  {attributed  to  the  distingLdi<'lted  diainmin  id' 

e  and  Interimtional  Telegraph  I'onipany,  {Mr.  Grimfiton,)  the 

I  i«  maile  lo  having  given  the  lelegntpb  to  the  world.     It  is 

rupls^at  page  lit:  "Thesysl*>ni  thcyfthei-oiniiaDy)  inU-odiiivd 

iu,williin  a  period  of  alfont  twenty  yeiirn,  the  basis  from  wlilcti 

k|iniO];  not  only  all  the  syxtems  of  the  United  Kingdom,  but  the 

irk  .if  telegraiihs  tliningtumt  liie  ghibe." 

ft  (Wftiuent  in  this  ooiuieetion.  I  quote  fhmi  page  1 1  of  the  name 

t  thi'  following  piissiigc  relating  to  the  instrument.-*  itwl  by  the 


loy. 


AHer  Ktiiling  that  -everyibing  chat  bus  i 


ver  tie 


I  provL-J 


I  prw--Hi-ally  uM-fol  had  been  tt4lopleil,'' he  Miyn :   "This  has  becu 
case  with   rcgurd    to  instmments.     Tbi 
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instruments  used  in  the  principal  circuits  were  soon  superseded  by 

Bain-s  printer.    That  again  was  superseded  by  the  Morse  instruments, 

which  are  now  gradually  giving  way  to  the  ink  tcriterj  an  improved 

instrument  on  the  same  system.'' 

These  are  a  few  of  the  extracts  made  from  the  journals  and  pamphlets 

which  my  English  friend  thought  substantiated  the  English  claim  to 

the  position,  'Hhat  to  England  the  world  was  indebted  for  the  electric 

telegraph.''    I  called  at  your  hotel  yesterday  to  show  them  to  you,  but 

to  my  grief  you  had  left  the  country.    I  feel  an  interest,  in  common 

with  some  others  of  our  countrymen,  to  know  the  truth  in  this  matter, 

and  I  am  sure  I  cannot  apply  to  a  more  competent  person  than  yourself 

for  the  facts.    Will  you  not  spare  a  little  time  to  give  them  to  me  ?    I 

know  some  English  women  of  high  intellectual  x)osition  who  are  quite 

as  enthusiastic  in  esj^using  my  side  of  the  question  as  any  American 

can  be.    Please  direct  care  of  C.  B.  Norton  &  Co.,  16  Rue  Auber. 

I  remain,  with  friendly  regard,  yours, 

C. 
Prof.  S.  F.  B.  Morse,  Neio  lorkj  U.  8.  A. 


POUGHKEEPSIE,  Scptefuber  25,  1868. 

My  Dear  Sir  :  Although  absorbed  just  now  in  the  labors  of  arrang- 
ing my  materials  for  my  commissioners'  rei>ort  on  the  telegraph  ap 
paratus  of  the  Paris  Exposition,  I  snatch  a  few  moments  to  answer 
your  letter  of  the  18th  July,  and  to  remark  on  the  extracts  which  you 
have  quoted  from  publications,  some  of  which  I  had  already  seen. 
Although  the  position  taken  by  the  English  writers,  from  whose  works 
you  have  made  your  extracts,  is  certainly  untenable  in  the  sense  of 
having  given  the  modern  instrumental  system  of  telegraphs  to  the 
world,  yet  the  boast,  regardeil  in  the  sense  of  extending  the  tele- 
graph wires,  cables,  and  land  lines  throughout  the  world,  ha«  some 
plausibility,  since  this  extension,  particularly  in  submarine  lines,  is 
greatly  due  to  English  capital,  energj',  and  skill.  But  even  in  these 
qualities,  the  palm  must  be  divided  with  the  United  States,  France, 
Prussia,  and  Russia,  to  say  nothing  of  the  local  assistance  of  other 
states  through  which  the  wires  are  canied. 

If  we  look  more  closely  into  the  composition  of  the  t€legraph  as  a 
whole,  it  will  be  seen  that  it  is  divided  into  two  verj'  distinct,  yet 
correlative  parts,  to  wit :  The  wire  conductors  or  elei'trical  thoroughfare, 
and  the  terminal  instruments  using  this  thoroughfare.  A  good  illustra- 
tion  of  thesi*  correlative  parts  is  found  in  the  railway  system ;  there  is 
the  iron  roadway  and  the  locomotive.  So,  in  the  telegraph  system, 
there  is  the  iron  ix)adway  (the  electrical  conductors)  *  and  the  instru- 
mental system,  for  transmission  over  the  way.  The  two  parts,  both  in 
the  railway  and  the  telegraph,  separated,  would  be  inoi>erative  for  any 
useful  purpose.    The  locomotive  withQ|i(  the  rail,  and  equally  the  rail 
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vfllimit  the  loromotivc,  are  iiiojierativc.    Si>  (ho  rw-tudinK  <*r  (dj 
iSiitruiiti'Dtn,  wirhmit  tlin  c«ii(iuct<irs  and  tlit'  wnidiR'tor«  wiiliimt  tei 
oaliRMmmt'iiI.S  i>rc  criiKillj-  inopcmtivn  for  any  iiiw/iil  iniriKiw.-. 
Tltm  nitty  lie.  a  littUiiynre  or  opinion  regarding  tlip  rulativu  import- 
»Hriht's«'lwuw)nvln(i.-<IpiirW,a«t.hpnionw  was  Itctwoi-n  the  orgiini 
and  tliP  IwIloiTD- blower,  (oxitune  tli(^  badiinip.',)  tlic  l.ttlcr  coiilt^iiriing  ti 
iatlie  ]trudiii^tii>n  nf  tliu  lutiMic  thu  urgituist  inn^t  nw  Mic  i-itpntid 
ironiiiiu  ■'irr,"  when  Imaflting  of  his  perfonniimw,  aiiicu  williuutj 
UioKof  till*  lilowcr  [lieoi'^ii  would  he  dumb. 

^tl,  t«  FL-vcrt  to  the  niili-oiid  illuHrriiliun,  the  inventor  of  the  hx 
1i<ft,  ur  ttK  improvtM-,  worlif«  in  n  dinliin-l.  dopttituipnf,  and  the  bnildi 
ItenHul  would  nut  bo  eiititl<?d  to  ■•laiin  for  himself  the  ii 
pnriMt  lui^motire,  or  the  whole  railruud,  heuaiiite  lie  hail  extfudo<^ 
htt»rtt>  a  greater  diHtanr«. 

SioLv  yon  haw  nmiiWre^t  your  extracts,  I  will  allude  to  them  by  i 
isubcra, 

Xwt  1,  2,  and  i.  On  these  extrn«ts  I  observe  that  they  furnish  g 
uanplen  (if  history  initdv  i.-n'oneuus,  by  confounding  thinfrs  wholly 
ialike,by  not  regarding  pniiwr  ilistiiivtioiis.  Many  en-orB  iiroci-eding 
I  tills  Hoiirci.-  made  it  rieucNsary  for  mv  to  dniw  attention  to  the  im- 
am dlstineljiin  lietweeu  the  nemaptiore  and  the  telegrafih,  [  say 
Unt,  becniiKc  the  pii>per  definition  of  these  terms  removes  from 
ftthe  Mfumiiiid  tuutu  nf  two  modes  of  ■■4)mmanieiitiiig»I  tt  distaniM.-, 
ffihring  in  eivM'utial  i)ar(ii-iiliir.s  in  pi^Ktesa  uud  menus  from  eacli  other, 
J>ttn>aied  of  as  coiyoined  under  the  name  "  telegraph  "  by  most  writers. 
W|encr&l  use  of  the  word,  aa  appli«<l  to  all  raotles  of  eommniiicaling 
ai*4btAnce,  ought  not  U>  be  cited  as  au  objection  to  striirt  ilclinitioti, 
n  lli«  pntgress  and  a«;nracy  nf  history  render  such  a  dcliniiimi  u 
nil}'.  TIk-  improvement  of  the  seiuapborc — indeed,  the  invention 
flCflifBlwfrie  aet'dif  Mfmiiphore,  so  far,  ut  least,  sut  the  making  it  a  pracli- 
ilkstrufHenbilitg — Mongit  to  William  Kothorgill  Cooke;  but  Hil- ti 
nph,  in  its  strict  detinition  as  a  mi-aiix  of  ^^co^ding  at  a  distauuO) 
bdongs  to  Morse.  The  philologieat  ur  etymologitial  distinction,! 
i,  k$  nut  a  f»ni-ir\il,  or  eaptions,  or  mpHoious  <iuibble. 
&  lu  tilt-  note  here  qnot<Ml  the  leh-gniph  and  semaphoi 
p(RL>fve,  orv  u^MnuKsl  to  be  the  nuime  iuveution,  whereiis  the  iuven&l 
fManv  is  a  Idegnipb,  and  the  invention  of  Cooke  is  a  semaphore. 
Dtant  Uit9  eventA  and  dates  set  forth  in  this  note  are  iiiapiHiKlle  to  pruv« 

rily.    The  fpmition,  whieb  of  the  two  systems  was  firai  practi 
bOrodncied  to  public  nue,  is  diseussiMl  by  the  writer  as  if  the  datv  d 
idlKtiion  settled  the  date  of  the  invention. 
TlitMRVcntlDn  is  one  thing;  its  praetJeal  introduction  quire  ) 
lliey  aiv  ri-f.nible  eaeh  to  ditlen'til  times.     The  lime  of  the  in 
||(  iin«  lime,  the  time  uf  its  |inietieal  intrudnetion  is  another ;  they  nit); 
■  not  (■u  i-oineidenl.    The  invention,  strictly  siw-akiug. 
nat  to  its  prat^'lical  intiodnetion.    Tlie  agendes  for  the  L 
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be  indefinitely  delayed,  without  aflfecting  the  fact  of  the  previous  exist- 
ence of  that  which  is  to  be  practically  introduced. 

There  was  no  necessity  for  the  writer's  citation  of  Hamel  as  an  au- 
thority that  Morse  dates  back  his  idea  of  an  electric  telegraph  to  1832. 
(Hamel,  1  may  say  in  passing,  is  no, authority  for  any  statement  affect- 
ing me.)  •  This  citation  is  accompanied  by  a  reflection  ujwn  my  sup- 
posed ignorance  of  the  fact  that  the  ^'idea"  hnd  existed  "a  century 
before."  What  idea  ?  The  idea  of  the  possibility  of  using  electricity  as 
a  means  of  communicating  at  a  distance  tuay  have  been  a  century  old, 
but  that  was  not  my  idea  of  1832.  The  idea  of  1832  was  the  possibility 
of  producing  an  automatic  record  at  a  distance  hy  means  of  electricity — the 
idea  of  a  true  telegraph — and  this  original  idea  was  immediately  fol- 
lowed by  devisuig  the  process  and  means  for  carrying  the  idea  into 
effect.  This  was  the  new  idea  of  1832,  now  realized  in  the  adoption  of 
the  Morse  telegraphic  system  throughout  the  world. 

If  it  was  necessary  for  the  writer  to  cite  an  authority  to  prove  that  I 
dated  back  my  idea  of  an  electric  telegraph  to  1832,  there  was  better 
authority  ^it  hand  than  that  of  the  prejudiced  Dr.  Hamel  to  show  what 
that  idea  was.  The  Chief  Justice  of  the  United  States,  in  delivering  the 
decision  of  the  Supreme  Court,  says:  "The  evidence  is  full  and  clear 
that  when  he  (Morse)  was  returnmg  from  Euro[)e  in  1832,  he  was  deeply 
engaged  upon  this  subject  during  the  voyage,  and  that  the  process  and 
fneans  were  so  far  developed  and  arranged  in  his  own  mind  that  he  was 
confident  of-ultiumte  success." 

^ow,  *' process  and  means,  <leveloped  and  arranged,"  [>ertain  to  some- 
thing more  than  a  barn^i  idea. 

The  note  further  says:  ''  It  was  not  till  1844  that  the  first  telegraph 
line  from  Washington  to  Baltimore  was  completed,  when  the  first  short 
tel(»gram  announced  the  existence  of  a  practical  telegra[)h  on  the  Amer- 
ican continent."  In  otfier  woixls,  1844  was  the  date  of  the  pi*actical  in- 
tiH)duction  of  the  invention  of  1832;  and  the  "first  telegram  of  four 
words'*  was,  indiH^l,  the  first  on  this  fii-st  public  line,  but  not  the  first 
produced  by  the  invention. 

The  electric  semaphore  of  Mr.  Cooke  was  demonstrateil  and  practi- 
cally intixMluced  on  a  short  line  on  the  25th  of  July,  18.37.  This  is  the 
date  of'its  practical  intnKluction,-but  not  the  date  of  his  invention. 

His  invention  g(K\s  back  to  an  earlier  <late,  at  least  to  1830. 

The  electric  telegraph  of  Moi-se  was  denumstrated  in  1835,  before 
many  witnesst\s;  it  was  practically  intixxluced  for  public  use  in  1844; 
but  neither  of  tlu\se  dates  is  the  date  of  the  inventiim,  to  wit:  the  date 
when  '*the  \M\ne  >  and  means  were  develoiKM  and  arnuiged."  Thi?  \.as 
in  1S:^2. 

5.  Vnm\  the  statement  in  this  extract,  it  api)ears  that  on  the  lines  i>f 
the  ci>mpany  in  Givat  Hritain,  which  has  the  greatest  extent  in  the  United 
Kingth)m,  (the  Klectric  and  International  Telegniph  Con  iKiny,)  the 
elwtric  ncHHlle  senmphore  was  originally  pnu^tically  introilueed  through 


Ilie  limns,  skill,  ami  ent'ifij- of  ^Ir.  Cooki'.  Itiit  the  writer,  llic  chair- 
man  of  ihf  nnupany.  sjiya,  "this  stysti'in  was  siiperscdp*!  by  what  is 
uilli!*l  tht-  llHJii  [iHuUt;"  nnd  tfiiit  wuh  in  turn  " 8ii|H>rsL'ili-(l  )iy  tin-  Morrtw 
lnlllmml■^t^"  (that  in.  Iiy  thu  AmeriL-an  tclcgraith.)  Itut  thisupiin,  it 
aeans,  was  RDiKTsctlcvI  Iiy  an  tiistniriieiit,  wbioU  Ua«  rpci'ivpii  the  name 
of  "Iiik- writer,"  a  new  name  only  for  tlie  origluiil  Morse  instrument — one 
dhlt  earlieeit  ino^es  of  recordiiiit. 

On  the  ^uoral  sulywt  (it'yonr  letter  [  woul<l  suy,  if  KMylaml'n  clniiua 
aip  «omiil,  un<l  tlu'  world  in  indebted  to  Englmul  for  the  tHejfniidi,  there 
«hould  lie  the  evidence  of  it  in  every  country.  The  English  needle  sya- 
tioi  oaiiht  to  1h!  seen  in  use  everywhere,  not  merely  m  Europe,  but  in 
Amerim  also,  sinee  AnieHea  is  inclmleil,  by  the  writer  you  quote,  in  the 
dmofilebtoRi  to  Kn^tivml  for  tlio  teU'(n^ph.  It  may  bo  well,  thcrefoi*, 
loiiii|iiire  in  what  i;onntnt's  of  the  world  the  English  needle  system  hiu 
lUf.  Ill  re]i1y  to  thit^  ipiestion,  I  Imve  the  incauH  of  eont-et  iiifurmation 
fotni  the  hi^hei^t  aonrees.  elicited  in  the  answers  from  the  various  Dationiil 
arfmiDiKtrations  to  the  direct  question  I  proimsetl  to  them,  wlien  engaged 
b  my  hitmrs  at  the  E^tpositifm  in  186T,  "  Is  the  English  needle  i 
h  fue  In  yonr  cnnutry  T" 

The  neverut  udininiist rations  have  given  the  following  answers : 
FUxcB. — '^Notin  a  single  uftii.*.'' — 'Count  rfc   Voaijg,  Aihnim-trntw  q 

Imtth  Ttlegraph*. 
flavuiXD. — "It  is  not  employed  anywhere  with  ns,  neither  on  the  Iuhm 

of  the  state,  iinr  of  private  coiiipatiieB." — Rtjrrendarifit  Mtrr. 
ttlLX. — "The  Eagtifth  ncvdk*  system  is  no  longerin  [HitdJe  nse  lt|) 

port  of  Italy." — Cnitetl  tfUitft  Legation,  Plorvnce. 
DBnuKK. — "The  EntrliHh  needle  system  is  not  in  wso  anywhere  I 
Bork." — Unitftl  Sfiiff»  MiniHter,  Vopenkaijim.  "Thvwighout  the  kingdom 
flie  Morse  system  is  the  only  one  in  iise,  whether  on  covenjineiit,  pri- 
Tat*,  or  railroad  lines.     Tlie  English  needle  system  is  nowhere  in 
pablio  nj*B  in  I>eninnrli." — IHrrcUir  Ornvriil  Falter. 
tnrrsiJL — "The  English  ni-edle  system  is  nowhere  iti  nse  in  tills  em- 
pirr." — Vnit^i  States  Charge  ffAff'tim  in  Virnna, 
SwrrXBRLAXD. — "There  is  no  nse  made  in  Switzerland  of  the  ICnglir'h 
Handle  system;  in  fact,  none  other  than  the  Morse  system." — Saperia  - 
tnibr*t  Telegraph  Burma,  Heme.    *'Tho  only  telegraph  sysh'm  em- 
plojvd  in  SwItJtnhuid  is  that  of  Morse.     We  do  not  hesitate  lo  express 
mr  ronriction  that  no  known  syKtem  at  tlii-t  day  lietter  tiiKills  the 
tvqninHl  conditions  than  that  which  we  liHve  in  nsi-,  and  of  whivll'J^_ 
Professor  Morae  is  the  inventor."— i^tVir^w  Ovneral  of  Trtegrtfph*.  ^^| 
ICM. — "It   is  lung  since  the  Belgian   ti^legTuphs  have  used^^H 
^glish  u«-c4lle  npiMimrns." — Farria.  ^^H 

lycrt. — *^Thtf  ligyplian  government  lines  are  confined  Ui  those  in  the 
Sonilan  oonntry,  the  whole  of  which  are  worked  on  the  Morse  system.'". 
Jtirrtiur  tif  Tilriiraiilii. 
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Spain. — '^Iii  Spain  the  telegraph  system  employed  on  the  government 
lines  is  solely  and  exclusively  that  of  Morse.'' — Director  Oeneral  of 
Spanish  Telegraphs. 
Prussia. — "  The  systems  of  Prussia  are  Morse,  Siemens,  and  Hnghes. 
The  English  needle  system  has  never  been  in  use  in  Prussia.'' — Direc- 
tor Oeneral  De  Chauvin. 
Sweden. — "  It  is  the  Morse  system  which  is  exclusively  adopted  for  all 
the  offices  of  the  telegraph  administration  of  Sweden.    The  English 
nee<ne  system  has  not  been  employed  in  any  part  of  Sweden."— />irec- 
tor  General  Brandstrom. 
Ottoman  Empire. — **The  English  needle  system  is  not  used  in  any  part 
of  this  empire." — United  States  Secretarg  of  Legationj  J.  P.  Brotcn, 
"The  English  needle  system  is  not  in  nse  in  any  part  of  the  Ottoman 
Empire." — United  States  Minister  E.  J.  Morris. 

Indirectly  I  learn  it  is  not  used  in  Russia.  It  is  nowhere  used  in 
North  or  South  America,  not  even  in  the  British  possessions. 

To  these  facts,  from  so  many  of  the  telegraph  administrations  of  the 
world,  add  the  significant  additional  facts,  stated  by  Mr.  Grimston  in 
your  extract  No,  5,  which  shows  that  the  English  needle  system,  at  first 
so  widely  extended  and  used  in  the  United  Kingdom,  is  now  for  the  most 
part  abandoned  in  Great  Britain,  as  it  has  been  universally  on  the  con- 
tinent, and  its  place  supplied  by  other  systems,  the  Hughes  and  the 
Morse,  but  chiefiy  the  latter,  (both  American  systems.)  If,  therefore, 
in  every  nation  where  the  telegraph  has  been  established,  it  is  the  original 
Morse  system,  or  in  i>art  the  Hughes,  which  is  adopted,  and  that*  even 
in  the  Tnited  Kingdom  itself  the  Elnglish  system  has  been  abandoned 
for  the  Ameriet^n,  it  appeiii^  to  me  you  have  tlie  t\vcts  you  have  desired 
to  sustain  yoiu*  jiosition  that  the  world  is  indebted  to  the  United  States 
rather  than  to  (ireat  Britain  for  the  moilem  telegraph.  If  these  facts 
an^  not  in  mn'ord  \nth  tlie  iM-econceived  opinions  of  your  English  firiends, 
1  wish  I  had  the  time,  and  indeed  the  ability,  to  do  anything  like  justice 
to  the  multitude  of  Britain^)  master-minds  in  science  and  inventions,  for 
whom  I  have  the  highest  ailmiraticui.  My  list  of  tliese  honored  names 
wouUI  swell  this  aln^idy  pi\>lix  letter  to  ti>o  great  a  bulk.  At  the  risk, 
nevertheUv^^S  of  making  an  invidious  selei'tion,  I  cannot  forbear  mention- 
ing the  names  oi  l*n>fess*>r  Fiinubiy,  of  Williiim  Fotliergill  C<xike,  esq., 
ot*  Sir  Williaim  Tliomiison,  (U*  Dr.  WhitelKuise,  of  Sir  Charles  Bright,  and 
of  CnMUwell  F»  Varley.  The  lalH>rs  ot*  the  last  four  savans  in  gi\ing 
efttvt  and  lunictioality  to  the  Atlantic  telegrai>h  ought  to  be  held  in 
lasting  remembrance. 

But  I  must  close  with  the  assurance  of  my  siui*ere  resiiect. 
Your  iVit^nd  and  servant, 

SAMUEL  F.  B.  MORSE. 

C , 

Otrf  o/  (\  B.  AorloM  d:  Co.,  IG  R^  AnAfr,  iVim. 
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C— TELEGRAPH  STATISTICS. 

[Compiled  by  George  Bauer,  Esq.] 

Throagh  the  courtesy  of  George  Sauer,  esq.,  who  has  bestowed  much 
labor  and  statistical  talent  in  collating  and  arranging  telegraph  statis- 
tics, and  who  hsw  prepared  for  publication  a  valuable  work  on  the  tele- 
graph, interesting  tables  have  l)een  furnished  in  proof-sheets,  which  he 
has  kindly  transmitted  in  advance  of  the  publication  of  his  work. 
And  in  this  connection,  the  opportunity  is  improved  to  acknowledge 
obligations  not  only  to  him,  but  also  to  very  many  distinguished 
meii  in  various  countries.  General  acknowledgments  are  made  to 
the  United  States  diplomatic  agents  at  the  various  courts*  of  the 
Eastern  Continent,  and  also  to  the  chiefs  of  the  telegraph  administra- 
tions of  the  various  countries,  for  their  prompt,  courteous,  and  satisfac- 
tory replies  to  the  incpiiries  addressed  to  them.  An  indebtedness  is 
also  felt  to  many  individual  friends  in  the  United  Kingdom  for  valu- 
able information ;  among  these  are  Sir  James  Carmichael,  Bart.,  Sir 
Charles  Bright,  M.  P.,  and  llobert  Sabine,  esq.,  the  latter  the  author  of 
a  Taluable  treatise  on  the  telegi*aph.  From  Australia  also  statistics 
have  been  received  from  the  energetic  and  exi)erienced  genenil  sui>erin- 
tendent  of  telegrajihs  in  Victoria,  S.  W.  McGowan,  e^.,  the  first  intro- 
daoer  of  the  telegraph  into  Australia. 
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D.-FRANKLIN   AND    ELECTRICAL    kSExMAPHORES. 

It  has  frequently  been  asserted  (on  what  authority  1  know  not)  that 
the  first  idea  of  an  clectrie  senia])hore  ori^j^inated  with  Fi^anklin.  I  have 
sought  in  vain  in  the  i)uMieations  of  Franklin's  exi)eriment8  and  works 
for  aii^tliin^  eontinnatory  of  this  assertion.  On  mentioning  the  subjeet 
tomyfriend,  Professor  lUake,  he  kindly  pro])osed  examining  the  writings 
of  Franklin  in  order  to  elicit  the  truth.  From  him  I  have  received  the 
following : 

"I  have  consulted  several  works  for  the  purpose  of  as<^ertaining,  if 
iwssible,  the  foundation  for  the  statement  that  Franklin  suggested  the 
idea  of  semai)hores  by  static?  electricity.     I  have  not  yet  found  any  such 
suggestion,  but  1  have  note<l  that  following  the  experiments  by  Dr. 
Watsou,  and  others,  in  England,  to  <leterminethe  rclovitf/  of  the  electric 
discharge,  and  the  time  supposed  to  be  required  for  the  <»lectrical  dis- 
charges across  the  Thames,  by  which  spirits  were  kindled,  &c.,  (in  1747,) 
Dr.  Franklin,  in  1748,  made  some  similar  experinlenta  upon  the  banks  of 
the  Schuylkill,  and  amused  his  friends  by  sen<ling  a  spark  'from  side  to 
side  through  the  river  without  any  other  conductor  than  the  water.^' 
(This  was  in  1748,  at  the  end  of  the  year.)    In  175G,  *  J.  A.  esq.,'  of  New 
York,  (James  Alexander,)  presented  to  the  Koyal  Society  a  proposition 
'to measure  the  time  taken  by  the  electric  spark  in  moving  through  any 
given  space'  by  sending  the  discharge  or  spark  down  the*  Susquehanna  or 
Potomac,  and  aroiuid  by  way  of  the  Mississippi  and  Ohio  rivers,  so  that 
the  ^electric  lii-e'  would  have  a  circuit  of  some  thousands  of  miles  to  go. 
All  this  was  upon  the  supposition  or  assumption  that  the  electric  fire 
would  choose  a  continuous  water  conductor  rather  than  to  return  ori>ass 
through  the  earth.    Franklin  presente<l  a  pai)er  in  rei)ly,  in  which  he 
says,  'the  projiosed  experiment  (though  well-imagined  an<l  very  ingeni- 
oas)  of  sending  the  spark  nmnd  through  a  vast  length  of  space,  &e., 
&C.,  would  not  afford  the  satisfaction  desired,  though  we  could  he  sure 
that  the  motion  of  the  electric  fluid  would  be  in  that  tract,  and  not  under- 
gmund  in  the  wet  earth  by  the  shortest  way."- 

*'Can  it  be  possible  that  Fraukliirs  experiment  of  firing  spirits  and 
showing  the  spark  and  other  effects  of  the  el(»ctri(?  discharge  across  the 
river  originated,  or  forms  the  foundation  for,  the  statement  that  he  sug- 
pested  the  semaphoric  use  of  electricity  f 


'  Vide  Priestley's  History  of  Electricity. 

'lYaukliii's  Ex()eriiuent8  on  Electricity,  and  LetterH  and  PaperH  on  Pliilosorliical 
SabjectH.    4to.    London,  mdcclxix,  iiajres '282, 'WJ. 
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E.— CATALOGUE  OF  WORKS  ON  TELTEGRAPHY. 

The  following  are  the  titles  of  a  few  of  the  coustaiitly  iiiei-easini^ 
number  of  treatises  on  the  telegraph : 


Titli)  of  worksi. 


Telegraphie , 

The  American  Eloctro-mnyiu'Jic  Ttlfgniph 

Trait6  de  t6;6graphie  6lectriqa«) i . . 

Clektriiche  TcU'gruphk- 

Electric  Telegraph  MHiiipulatur 

M aonel  de  telegrafia  vlcctrica 

Karze  Dantellang,  &c 

Mftmoire.  &,c 

Die  elektromagnetlHche  Telegraphie 

Recherches  tnr  la  t6i^)gmphic  ^lectriquo 

Tndt6  g6o6ral  des  applicationii 

Ueber  elektrische  Telegraphie 

Katechlsmiu  der  elektrivchen  Telegraphic 

The  Electric  Telegraph 

ExpM6,  &c 

Berue  dv •  applicationf,  &c 

T6l*graphie  fclectrique 

Trail6  d'6lectricit6 

L*61ectricit6  et  l««^•hemin■d<>fer 

Gonrs  th^oriqae,  2  voln 

Telegraph  Manna! 

Electric  Telegraph 

Handbnch  der  Telegruphie 

Die  electromagnetlKcbc  Telegraphie 

Manael  de  la  t616graphie 

Anwendung  det  Electroioagneti^muK,  &c 

Electromagnetbmnii 

Telegraph  History 

Telegraph  History 

Telegraph  Hiiitory 

The  Electric  Telegraph 

The  Electric  Telegraph 

Tft6graphie  6lectriqn« 

Telegrnph  Maiiaal 

ManoHl  of  Telcgrnphj* 

Modern  Practice  of  the  Electric  Telegraph,  a  handbook 
for  electricianji  and  operatom 


Names  of  anthorH. 


Prof.  Steiuheil 

Alfred  Vail 

L'Abb6  Moigiio. .. 

P.Kohl 

C.  V.  Walker 

Mattcaci 

W.  SiemenH  ...... 

W.  Siemens 

T.  Bauorbaam  ... 

Gloesnor 

GloeNner 

Pelchrznn ^ . . 

J.  A.  Foraach 

Dr.  Larduer 

Da  Moncel 

Du  Moncel 

Dn  Moncel 

De  la  Ulve 

De  Cantro 

E.  E.  BlaVier 

T.  P.  Schaffner . . . 

nighton 

Kuhn 

Schellen 

Bregnet 

Duh 

Dub 

A.  Jones 

Tamboll 

Qc^orge  Prescott  . . 

Robert  Sabine 

Lardner&  Bright. 

J.Qavarret 

R.  8.  CuUey 

Prof.  J.  L.  Smitli . 


Place  of  publica- 
tion and  date. 


Munich,  1838. 
Now  York,  1845. 
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*  An  excellent  compendium,  brief  but  lucid. 


F.-MATERIALS  AND  APPARATUS  EXHIBITED. 


The  following  catalogue  of  the  ap]>aratus  aud  articles  exhibited  in 
Class  04,  Group  VI,  is  from  the  French  catalogue  of  the  Exposition, 
arranged  under  the  various  countries  exhibiting  them,  but  renumbered 
for  the  greater  convenience  of  reference. 

For  reasons  given  in  the  introduction,  many  of  these  are  unnoticed  in 
the  Fei>ort.. 
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FRANCE. 

1.  Ministry  of  the  Interior. — Exhibit  by  the  administration  of  the 

telegraph  lines,  the  various  instruments  employed  on  their  lines. 

2.  A.  JoLY,  29  rue  Saint  Sulpice,  Paris. — A  printing  telegraph  apparatus. 

3.  J.  L.  A.  Machab^e,  4G  rue  de  Veuves,  Paris. — Telegraphic  cables. 

4.  E.  Hardy,  21  rue  de  Sevres,  Paris. — ^The  telegraphic  apparatus  of  M. 

M.  Vavin,  of  Fribourg,  the  autographic  apparatus  of  M.  David, 
and  the  printing  ai)paratus  of  M.  Hughes. 

5.  A.  Caumont,  79  boulevard  Malesherbes,  I*arii?. — Telegraphic  ap- 

paratus, &c. 

6.  Ch.  Cros,  14  rue  Royale,  Paris. — Telegraphic  apparatus. 

7.  T.  A.  M.  Sortais,  of  Lisieux,  (Calvados.) — The  Morse  apparatus. 

8.  LECLANcnjfi  ,22  rue  Fontaine  St.  Georges,  Paris. — Galvanic  battery. 

9.  E.  Grenet,  14  me  Castiglione,  Paris. — Galvanic  battery. 

10.  P.  DUMOULIN  Froient,  85  rue  Xotre  Dame  des  Champs,  Paris. — 

•  Telegraph  apparatus,  llughes  &  Caselli. 
U.  P.  A.  J.  DuJARDiN,  of  Lille. — Telegraph  apparatus  and  battery. 

12.  Zalinski  Mikorski,  103  rue  d'Enfer,  Paris. — Galvanic  battery. 

13.  E.  Lenoir,  100  boulevard  du  Prince  Eugene,  Paris. — Autographic 

telegraph. 

14.  H.  L:6ger,  24  rue  des  Bourdonnais,  Paris. — Acoustic  apparatus. 

15.  P.  GuiLLOT,  20  route  de  Choisy,  Paris,  and  J.  Gatget,  90  boulevard 

Mazas,  Paris. — Magneto-electric  telegraph  apparatus. 

16.  L.  Br^guet,  39  quai  de  FHorloge,  Paris. — Telegraphic  apparatus, 

paratonneres,  &c. 

17.  G.  A.  Tabourin,  of  Lyons. — ^Telegraph,  called  hydro-dynamic. 

18.  Digney   FrJires  &  Co.,  8  rue  de  Poitevins,  Paris. — Telegraph 

apparatus. 

19.  The  Abb:6  J.  CJaselli,  20  rue  de  I'Ouest,  Paris. — The  pautelegraph. 

20.  Kattier  &  Co.,  4  rue  des  Fosses  Montmaitre,  Paris. — Telegraph 

cables. 

21.  L.  Guyot  d'Arlincourt,  3  bis  rue  de  la  Bruyere,  Paris. — Printing 

tek^graph. 

22.  A.  F.  Cacheleux,  103  rue  do  Greuelle  St,  Germain,  Paris. — Tele- 

grai>h  apparatus. 

23.  E.  E.  Blavier,  of  Nancy,  (Meurthe.) — Treatise  on  the  telegraph,  2 

vols. 

24.  P.  D.  Prui)'iiom:me,  4  bis  rue  St.  Martin,  Paris. — Telegmph  aiv 

paratus. 

HOLLAND. 

25.  A.  UoLTZM  an,  of  Amsterdam. — Telegraphic  cable. 

BELGIUM. 

26.  LlioN  Delperdange,  15  rue  Zerezo,  l>russels. — AVork  respecting 

subterranean  telegrai)li  lines. 
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27.  Ch.  Devos,  8  me  dos  Croisades,  St.  Josse-ten-Koode,  Brussels. — 

A  commutator  for  40  lines  for  tbe  bureau  central  of  the  telegraphs. 

28.  Ant.  J.  GiSrard,  5  Place  St.  Lambert,  laege. — Autographic  tele- 

graph. 

29.  Michael  Gloesener,  55  rue  des  Augustins,  Li^ge. — Telegraphs, 

electric,  ordinary,  and  submarine;  printing  telegraph;  autographic 
telegraph ;  needle  telegraph ;  dial  telegi*aph ;  model  of  electric  bells ; 
paratonneres,  or  lightning  arresters. 

30.  Lesage  &  ('o.,  8  rue  du  Gazometre,  Brussels. — Telegraph  apparatus. 

31.  Jean  Michael  J.  ]!^aple,  of  Farciennes,  (Namur.) — ^Telegraph  aj)- 

paratus,  comprising  two  systems,  that  of  the  dial  and  letters,  and 
that  called  artistic.  They  can  be  alternately  used.  Another  appa- 
ratus with  keys.  The  clock-work  serves  alternately  for  sending 
or  receiving. 

ENGLAND. 

32.  Joseph  Bourne  &  Son,  Den  by  Potteries,  Derbyshire. — vftrifted 

stoneware  insulators. 

33.  W.  E.  Henley,  27  Leadenhall  street,   London. — Submarine  tele- 

graph  cables. 

34.  William  Hooper,  7  Pall  Mall  east,  London. — Telegraph  cables. 

35.  D.  Kicoll,  Oakland's  hall,  Kilburn,  London. — Wire  and  telegraph 

cables. 

36.  Siemens  Brothers,  3  Great  George  street,  Westminster,  London. — 

Telegraphic  apparatus. 

CANADA. 

37.  Ernest  Chanteloup,  of  ^lontreal. — Telegraph  apparatus. 

PRUSSIA,  AND  STATES  OF  NORTHERN  GEiniANY. 

38.  Royal  DiREcrnoN  of  the  Prussian  Telegraph,  Berlin. — Insu- 

lators complete. 

39.  Werner  Siemens  and  J.  G.  Hai.ske,  Berlin,  and  Charles  II. 

SIE3IENS  of  St.  Petersburg,  &c. — Ai)paratus  for  distributing  tyi)e 
dispatches;  machine  for  composing;  machine  for  distributing;  ap- 
paratus for  rapid  wnting;  three  apparatus  for  writing  in  color;  appa- 
ratus for  writing  in  relief;  apparatus  of  wheels,  (apparcih  a  roue^;J 
magnet  indicators ;  two  small  magnet  indicators  for  a  private  tele- 
graph ;  an  electric  indicator  of  the  height  of  water;  small  bridge  in' 
portable  boxes  for  measuring  resistance^  iJcc. 

40.  GuiLLAu:NrE  Horn,  45  I>rand<Miburgstrassc*,  Berlin. — Polarized  tele- 

graph for  writing  in  blue,  with  its  accessorit^s. 

41.  W.   (iURLT,    01   Krausenstrasse,  Berlin. — Telograj)!!   complete   of 

Morse. 

42.  Levin  &  Co.,  Berlin. — ^Two  telegrai)h  apparatus. 
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43.  Bebnabd  Behbend,  Coeslin. — Specimens  of  paper  for  the  telegraph. 

44.  Charles  Jules  Vogel  and  A.  Haberstoltz,  39  Ritterstrasse, 
Berlin. — Specimens  of  copi)er  wire,  and  (de  maillechort  recouveria 
de  soie  et  de  cotan)  for  telegraph  and  offices. 

45.  Rich.  Bell^,  Aix-la-Chapelle.— Electric  bells. 

GRAND  DUCHY  OF  BADEN. 

46.  H.  Meidinger,  of  Carlsruhe. — Electric  batterj-. 

BAVARIA. 

47.  The  Society  of  Pasigraphy,  of  Munich. — Pasigraphic  books,  in 
eighteen  sheete,  for  the  use  of  international  telegraphy. 

AUSTRIA. 

4^  The  Chevalier  Ch.  Adolphe  dk  BERGitfiJLLER,  8  Augustiner- 
strasse,  Vienna. — Telegraph  for  the  service  of  the  police  and  fire- 
department. 

49.  LfioN  DE  HA3IAR,  1  Vstli,  Hungary'. — ^Telegraph  apparatus  of  Morse, 
with  key. 

30.  Jean  Leopolder,  3  Theresianumgasse,  Vienna. — Station  telegraphs 
typographic  telegrai)h,  with  the  Morse  characters;  portable  t<ile- 
graph. 

51.  Jean  Moeratii,  25  AlHengrund,Vienna. — Plan  and  process  for  laying 
submarine  cables. 

52.  Imperial  Royal  Direction  op  Telegraphs,  Vienna. — Tele- 
graphic materials  adopted  for  war  service ;  carbon  battery. 

SWITZERLAND. 

53.  The  Federal  Manufactory  op  Telegraphs,  Haster  & 
EsCHER,  Benie. — Telegraph  api)aratus. 

54.  M.  Hn>P,  Xeufchatel.  Api>aratus  for  the  telegraph,  clocks,  and 
chronographs. 

SPAIN. 

•w.  Thb  Direction  (iEnkral  op  Tklecirapiis,  Moreuil  &  Bonet, 
Madrid. — Printing  telegiaphs,  and  material  for  telegi*aph  sta- 
tions. 

PORTUGAL. 

.%.  Maximilian  IIer^lvnn,  Lisbon. — r^lectric  telegraph  apparatus. 

DENaMARK. 

57.  S.  Hjorth,  of  CoiMjnhagen. — Magneto-electric  batt^rj-. 
i  Kk  JmJSH  TnOMPSEN,  of  Copenhagen. — Batterj-  of  polarization. 
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RUSSIA. 

59.  Russian  Company  foe  the  manufacture  of  Caoutchouc,  at  St 

Petersburg. — ^Telegraph  wire  and  insnlators. 

60.  Galvanic  Establishment  op  ENOiNisERS,  at  St.  Petersburg. — 

Electric  telegraph  apparatus. 

61.  Joseph  Pik,  Warsaw.— Telegraph,  Morse  system. 

ITALY. 

* 

62.  Thomas  Picco,  Alexandria. — A  lightning  arresfer. 

63.  Gaspard  Sacoo,  Turin. — Telegraph  apparatus. 

64.  The  Lonooni  &  Dell'Acqua,  Milan. — Morse  Telegraph,  modified 

by  Moroni,  with  accessories. 

65.  Gaetan  Bonelli,  Florence. — A  type  telegraph  called  "  Telegraph 

with  a  shuttle,"  by  Bonelli  &  Hipp;  the  simple  autographic  appa- 
ratus ;  the  accessories  for  the  use  of  tbis  last. 

66.  Joseph  Poogiali,  Florence. — The  Morse  apparatus  complete. 

67.  Joseph  and  Ignace  Trevisani,  and  Fran(;'ois  Ernest  Hallie, 

of  Ascoli  Piceno. — A  submarine  cable.     * 

68.  B:^isaire  Detti  &  Son,  Naples. — A  submarine  cable ;  i)en  proper 

to  substitute  for  the  pencil  for  writing  telegraphic  dispatches. 

69.  Albert  Balestrine,  l^aris. — Electric  plummet  with  its  line,  called 

the  sounding  line ^  mo<lel  of  submarine  stations,  for  the  telegraph; 
model  of  a  machine  for  laying  the  cable ;  plan  of  a  transatlantic 
line ;  i>rofile  of  five  stations. 

TUKKEY. 

70.  Harische  Oglou,  of  Eyalet  and  city  of  Sivas. — Electric  batteries 

for  the  telegraph. 

EGYPT. 

71.  Porous  cups  of  the  earth  of  Keneh,  for  the  electric  batteries. 

UNITED  STATES  OF  AMERICA. 

72.  S.  E.  ANi)  G.  L.  Morse,  of  Harrison,  New  Jersey. — ^Model  of  a  new 

mode  of  laying  and  raising  submarine  cables,  and  a  bathometer 
for  deep-sea  soundings. 

73.  Mrs.  M.  J.  Coston,  Washington,  D.  0. — Telegraphic  nigh^signals. 
74u  M.  G.  Farmer,  Boston,  Massachusetts. — Thermo-electric  battery. 
75.  J.  D.  Caton,  Ottawa,  Illinois. — Pocket  field-telegraph  apparatus; 

the  Morse  sounder. 
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WASHINGTON: 
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"  BiGGAB,  8C0TLAXD. 

Attffiut,  1867. 
TLBV&N  :  Tbe  scope  of  these  remarkx  embraces  tlie  geiicral  sub- 
f  Htfani  engineering,  ivs  illnstmtcd  by  the  Paris  E][i>osition  IJni 
ifli*.  Oar  in  struct  ions  limit  tbe  field  of  resejiruh  to  "those  products 
lii'U  are  wujtf  Jidvjinee*!"  in  the  various  deiiftituients  of  oiigiiiwririg 
■  "iM?**.  Althoiigli  they  tbiis  direct  special  iuqiiiry  towards  the  iuveu- 
111*  of  niri'  riu-rit  iiud  novelty  developed  since  the  Internatioual  Eshi- 
iii-itiof  liS<L*,  tlicir  spirit  is  tuiiierstood  to  include  those  which  have 
'ilurerf  the  test  Of  long  serrioe  in  foreign  countries,  and  have  yet  to 
"■civp  an  appropriate  recognition  in  our  own  land.  Tbe  analysis  is 
M'l-wKirily  brief,  itnd  on  most  siibject»  must  be  I'Cgiirdi^  as  indicadvn 
illitT  thiui  exliuustivc. 

CiHUla  of  novelty  and  difficulty  liave  as  far  as  possible  been  simplified 
'.  illu-itnitioua,  anil  the  addrejisea  of  inventors  and  owners  procnred 
~  tti  can*  for  llie  tuutistaucc  of  those  who  may  desire  more  detiiiled  iiifor* 
I  lU'jn.  It  fs  hopeil  that  the  effort  may  assist  in  difTnsiug  some  of  tbe 
x-tinU  IcsM>n8  (lowing  from  this  rcmariiiLble  achievement  of  French 
:iiiii»,  Hysteni.  and  rcHnenient. 
Very  sincerely  yours, 

WM.  8.  AUCHrXCLOSS, 

Ciml  Engineer. 
TW  COJOOSSIONERS  OF  THE  UMTED  STATES. 
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I— SLreet  con- Freight  cars  Tor  shup  curres. — pp.  s£-30. 
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iftkiu  of  W.  II.   Preecc — French  systems — Puenmatic  tnbes— Pruaslu 
■MpM~BiinDtiig  boards. — pp.  3U~31. 


BAlL^AV  CaHBUae  STRINUS  A 
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FORGING. 

Pressed  forg^Dg^ — Davies's  universal  striker — Steam  oliver — Armor-plate  wood  screws — Iron 
cut  bj  the  endless  band  saw. — ^pp.  38-43. 

CHAPTER  ni. 
STEAM  GENERATORS. 

NEW  BOILERS. 

J.  &  F.  Howard — Belleville  &  Co. — Cast-iron  boiler — ^Eivetless  boiler — Petroleum  vapors — 
The  Exposition  supplj.— pp.  44-49. 

BOILER  FIXTURES. 

Water  level  registers  and  alarms — Automatic  feeders — I^pe  connections — Steam  jets — 
Tubes — ^Registering  steam-gauge — Registering  manometer — Qreen's  patent  fuel  econo- 
mizer.— pp.  49-63. 

CHAPTER  IV. 

STATIONARY  ENGINES. 

ENGINES. 

Corliss's — Allen's —  Hicks's  —  Behrens*s— Shaw's — Continental  engines  —  Woolf  system- 
Belgian  engines — The  Swedish  annular  piston — Rotary  and  gas  engines. — pp.  54-62. 

TRANSMISSION  OF  POWER. 

Edged,  inextehsible,  and  homogeneous  belts — ^I'ransmission  of  power  by  the  telodynamic 
and  the  hydro-aero-dynamic  systems. — pp.  62-65. 

CHAPTER  V. 

MARINE  ENGINES. 

Engine  of  John  Penn  &,  Son — Models  by  British  builders — Engines  for  steam  launches — 
Maudslay  Sons  <k  Field — J.  &  G.  Rennie— French  department— Mediterranean  Forges 
and  Shipyards  Company — Schneider  d&  Co. — Large  copper  tubes — The  Mazeline  engine — 
Engine  of  steamer  Friedland,  designed  by  Monsieur  Dnpuy  de  L6me^Detail  drawings, 
—pp.  66-72. 


LIST  OF  PLATES. 
Plate     I.— Locomotives  and  the  Mahovos. 

Plate    II.— H0LTZ*S  railway  DYNAMOBfETER. 

Plate  III.— ChrIitein^s  direct-acting  steam  crane. 
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CHAPTER  I. 

RAILWAY    ENGINEERING. 

— T*Dl!LAH   STATEMENT  OP  THK   RELATIVE  DIMEN8ION1 

'   ctiiTSTRiKs— Tub    LotoMorivE    "Amehica  "'— Tiie  task    ekgisc 
'— Shiikk  Ht-HNiNe   KNODiBs—Airin-iiiAii  t^ocoMOTiveit— Trr  Hahovus— 

•   DOIIIIt.K   EKUINE — MVKa'a    1XH.11MOTIVK — CABT-STKKL    CVLINDeMS — "  ItH^ 

'  KUEt. — Slkmpers,  ties,  anu  iLirs  — Sionals  —  Ekiiahdt'h 

KlUt— KaII-WAV      DVKAMIlMETKH— KArLWAV      CAR  MAO)!  9— CAM     tRTEKIW 

nos~iLtiLWAT  CARRURE  si-siNoa  and  whekls. 

I.— LOC:01IOTIVE8. 

-Vuwng  th*  33  locwinotives  on  exhibition  may  be  studied  abiiost  every 
1  ii.w  of  inotlem  priictlf*?.  Of  tliest-,  fourteuu  am  furtiisbeil  by  Fniiice, 
K'tacli  by  Kngbiutl  and  Bt-lgiuiu,  four  by  Prussia,  two  by  Aiisttiu,  aud 
'  I'j  eaeU  from  tbe  United  States,  Itnssia,  utid  Bavaria.  TUi'y  vary  io 
iu3tiide  between  tbe  two  French  extremes,  as  found  id  the  colliery 
ttgisc  of^'.Uj"  gitu^,  weighing  6^  tone,  and  tUv  iinuifinsn  four  t-ylindvr 
vnginv  of  ML-«srs.  Ernej^t  Gouin  &  Co.,  whose  weight,  loaded^ 
MjBaJs  59  tuns. 

1111!  phyitical  geography  of  each  country  indelibly  impresses  itself  on 

character  of  the  engines  re^juired  for  its  traffic  service.     With  the 

.•-.xsity  of  Hiu-iQounting  great  elevations  and  following  sharp  oiu've^ 

l-rmtivc   in   Alpine   ptisses,   ha^  up]>eared   a  new  class  of  engine 

"iaUy  designed  for  tb<>  purpose.     Wliere  railways  traverse  level  eoiin- 

,  iiiiiciisw!  p«>wersof  traction  and  greater  economy  of  fuel  are  the 

!•  ■■idei'jitji.    Tbe  belief  that  an  intelligent  idi^aoftbe  relative 

.Litd  proportions  obtaining  in  these  diffei-ent  e^nntries  ciui 

.1  L-.ty  be  formed  by  pla<'ing  side  by  side  the  practice  of  promi* 

■  ni;il.er!t,  has  led  lo  the  pi'e|>aration  of  the  foUowing  table,  in  wbicb 

iliiDt!»siuns  have  all  lieen  converted  to  tlu>  United  States  stiin<lards. 

-liould  here  be  reinarked  that  the  moHt  liberal  nilnded  inannfiii'turerH 

Mflied  a  carefully'  prepared  card  to  their  engines  and  greatly  facilitated 

li  a  coniparisun. 
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PAH18   UNIVEB8AL 


inE  LocoMOTm-;  "amekhia." 

Our  own  Cflnntry  was  most  creditably  represeiitwl  in  tlie  eoftfin 
"jijHericti,"  finuiHlied  by  tbe  Grant  Locomotive  Work«,  of  I'literiton,  Xci 
Jcim-y.  Tlie  ula«a  of  viigluo  and  workmausbip  prodat^ud  by  tliin  com 
pany  and  it«  predtjcessor,  (tbe  New  Jersey  Locomotive  ami  Mncblui 
Company,)  arc  Un>  favorably  known  to  admit  of  exttinded  remark.  A 
pi'eaente<l  in  tbisengiue  tliey  were  a  source  of  conHcious  pride  t«  tliof 
wbo  bad  crossed  the  Atlantic,  as  well  as  siinmso  ta  continont^  minda 
the  migiirity  of  whom  are  lmbue<l  with  exceedingly  plain  ideas  on  thi 
subject  of  locomotive  ornameutation.  Some  go  so  t'arast^iconaidora: 
attempt  at  tbe  latter  a  grave  mlwlemeanor,  and  paint  tbcir  entire  engind 
a  Nolemn  leiul  color  or  funereal  black,  without  a  single  jieucilling  of  gaj 
eoloi-8  t«  relieve  the  dull  monotony.  Of  course,  the  contrast  was  vvri 
marked  between  such  and  the  "  .imerica,"  with  her  bright  German  silvea 
jiicketiugou  boiler,cylinders,ehimncy,aud  head-light,  her  cab  txiautiftillj 
inlaid  with  ash,  maple,  black-walnut,  mahogany,  and  cherry;  with  th< 
tender,  shaded,  striped,  and  omanicuted  in  a  mannt'r  common  to  Amert 
cttii  practice.  The  cuj^t-iron  tender  tmck  wheels  and  liollow-simkwl  driv 
ing  wbeeJ  centers  gave  rise  to  many  8[H>culatious  among  thosf  wlio  bare 
not  yet  learned  their  value.  Mneb  skill  is  evinced  iu  the  arrungemenl 
of  the  parts,  and  the  reduction  of  their  weight  to  a  minimum  consistent 
with  strength.  The  link  motion  is  well  schemed  and  counter  weigbt«d 
by  volute  springs,  instead  of  the  clumsy  weiglita  so  general  on  fureigq 
engines.  A  fitting  aeknowlcilgment  of  tbe  high  order  of  workmanship 
displayed  was  made  in  tbe  award  of  a  gold  medal  to  the  budders. 

STEPHEN80M   Is  CO.'S   LOCOMOTIVES. 

The  locomoti\es  of  Messrs.  Roliert  Stephenson  &  Co.,  Neweastle-onv 
Tyiie,  and  the  Lillcshall  Com|iauy,  of  Shmpshire,  sire  similar  to  each 
other  in  proiH>rtion  and  design.  Tbe  I>oUer  of  the  first  engine  is  made  witll 
Alton's  patent  thirk  edged  plates,  tbe  lougitudiual  Joints  being  iap-. 
wcUIetl,  and  the  transverse  butt  under  a  welded  covering  strip,  to  which 
they  are  double  i-tvetiMl.  Both  longitudinal  and  transverst^  sevtiouH  c 
Huoh  boilers  are  exhibited  by  the  Low  Moor  Iron  Company,  who  own  the; 
exclusive  right  of  iiiaiiufiurtnn:^  The  ptateiri  ai-c  rolled  with  a  uuifoi 
thickness  of  tbreiveighths  of  an  inch,  to  within  about  eight  inches  of  eocl 
transverse  butting  edge,  where  they  grudually  incrcHsc  to  a  thieknem  o 
Ilve-eightlis  of  an  inch,  Uirough  whi<:b  portion  tbe  holes  are  drilled  oP 
pnucbed  for  the  rivets.  A  section  of  the  covering  strip  measures  eight 
by  fivc-eigliths  of  na  inch,  Thu  ordinary  shifting  link  motion  (without 
rocker)  o|H-rutes  the  valves.  Its  reversal  can  be  accomplishiil  eithec 
with  tbe  regular  band  lever,  or  by  a  hand  wheel  operating  a  horir^ntul' 
screw,  into  the  grooie  of  whose  tiirvad  the  latch  of  Ibc  lever  ealcliea. 
To  iwi'omnuMlate  itself  to  the  arc  described  by  the  latch  iu  the  motion  of 
the  leMT,  the  wrew  is  swollen  at  its  center,  being  turned  tu  tbe  same 


STEAJC  EHQraEEsnia. 

>ilEni«  of  ciirvntiire  a»  the  am'.    Tlift  baud  wheel  perfitnns  its  dtily  rtiii- 

],T,auiI  funiisht-a  a  very  8im))k>  and  t'fiieieiit  moans  for  iimitshI.    A  gpii- 

ttal  employment  of  the  WTewreversing  motion  is  oh8er\'al>li>  on  foreifm 

lororuittiveet,  in  Tact  almost  sufficiently  so  for  tho  i)raftire  to  be  re^rdod  a» 

nuivctMnl.     A  iiother  feature,  and  one  that  is  common  in  I'rnasiu  nnd  other 

mtiopntal  conntries,  consists  in  the  use  of  slidiDR  doiihU'  fnrnaoe  doors. 

[orizoDtal  slidfs  arc  IwtU'd  to  the  fbmai^e  IVonf.  and  reeeive  tlie  plat*- 

doDnwliichiircopenito^l  liy  two  plain  Invent  niid  a  connecting  link.    The 

ingfnii-iil  wprves  a  good  purpose  in  event  of  a  tube  eulln]ising,  as  it 

v  t'BV't'tnally  [irotectj*  the  flreiuau.    Tliis  engine  is  one  of  irreat  (jxcfl- 

vand  a  nioiiel  of  good  workinannhip.     That  of  the  Lillesliiill  Com- 

By  ditferx  prineipally  in  the  fflnstrut^ion  of  the  boiler,  the  arriingement 

thf  link  motion,  which  is  of  the  Allan  variety — giving  \'irtnally  ron- 

lat  lead  and  eijaal  o|iening  of  the  t>orts  in  front  and  back  stroke,  for 

Ely  notch  of  the  reversing  lever — and  by  the  addition  of  a  eoinfortwble 

nongbt  iron  rah. 

Th«  engine  of  Sfessrs.  Kitson  &  Co.,  of  Tweeds,  is  remnrkiiblc  for  the 

me  pxeellenee  of  workmanship  disi>Iiiyed  oil  the  Stephenson  loeomo- 


llTt^ 


THE  TANK   ENGrNE  "TITAN." 


"Titnn"  ia  the  name  nf  an  immense  tank  engine  bnilt  by  Messrs.  Oonin 
:40o.  fertile  Xiirfliernltailway  of  Franee.  It  was* designed  speeially  for 
%eftvy  fh-ight  service,  and  rompletea  an  order  for  ten,  the  balanee  of 
Wiirii  are  now  actively  employed.  Its  novelty  lies  principally  in  the 
^iceuienf  of  the  boiler;  the  main  shell  and  Bre  Ik)x  are  the  same  as 
I  in  ordiiKirj'  pnicti<:e,  bnt  instead  of  the  jtnHtiicts  of  eomttustion 
gnwny  tlmnigh  n  vertloal  statrk  after  leaving  tlie  tubes,  they  enter 
Ifhmt  Minneetion,  retwni  through  two  horizontid  dome  shells  on  the 
kof  ttui  l>oder,and  then  lutoa  horizoiit«leseai>e|iipe  whieh  eondnets 
nt  far  enongh  away  to  prevent  interferenee  with  the  ditties  of  the 
^^  _  They  pass  through  wrought-irou  tubes  in  the  first  of  these. 

fcorbunlRl  domes,  which  are  surrounded  by  the  live  steam,  thus  insuring 
tpoleetly  dry  supply  for  the  eylindei's,  and  in  a  measnre  sujierheattng 
e  slenin.     Feed  water  fills  the  second  dome  and  is  heated  by  the  main 
ai|ie  pi{>e  through  its  center. 

The  ^nite  bars  (cjist  in  aeeordanee  with  the  system  of  Mr.  Tleli>nire) 
e  only  tlin-e-eigliths  of  an  ineh  wide  on  the  head  and  siuu'cil  llve-six- 
8  of  an  inch  «|mrt.  Of  these  there  are  thi-ee  sets  nnininglongilndi- 
iHy,  nnd  tenninated  by  »  tnin.'*verHe  mie  at  the  liilie  end  of  the  firebox. 
it%~ast  vulnine  of  steam  generated  by  this  lioiler  supplies  fonrijlinders, 
b  {Milr  of  which  eonneets  with  sis  e<mpled  wheels.  Although  capable 
r  diswing  gn-al  loads  these  engines  art>  said  to  have  an  uiuliic  os<'ilh^ 
iin  wlieu  nioviiig  at  high  vcloeitient,  and,  as  might  Ih>  supposed,  arc 
Bmlinrly  se^-ere  iin  the  n)ad-b(-d.  For  a  di-nwiug  of  this  cii^jine  Hitli 
bMoaioDfi,  mm  I'late  1,  Fig.  1. 


^^^^^^^^"  ^VASIS   UNIVERSAI.  EXP08I 

Tlio  Giftfli^iistiKk'u  eiiKiiio  i«  tlie  only  one  exliil>ited  liavlnR  a  BtPam 
k'luliT.  TUii  uiTiiiiKi'tiicut  of  tlie  ii»rt«  is  dwirly  Klinwn  by  tiip  imtline 
sUiFtcli,  l*laU>  I,  Fi^.  2,  in  whjcli  tbe  diini'u»ioii.'«  arc  ffivi'ii  (n  metrfH  and 
decimal  parts  of  the  H»me.  The  internal  diameter  of  tlie  eoiilH-cting 
infloxible  Ht(>am  pii>e  ia  3  ^g  inches.  A  screw  reveniing  Rear  thmws 
tlie  link  iiiUi  t'urwanl  or  hack  luotJoii.  It«  workmanship  is  of  the  first 
oi-t)er  anil  iiiiicb  nkiU  is  cvinwd  in  tiio  countcrbulancing  uf  the  mit  i 
insidv  cruiikH  with  their  cunne(;ting  rods. 

BMOKE-BLTRNINO   ES01SE8. 

Thf  I'aris  mid  Orleans  Company  send  an  engine  bnilt  at  their  Iviy 
shop  for  express  pikAscnger  service,  and  t^irnished  with  the  smoke-coa^ 
snuiint;  ft]ip^irHtu8  of  Mr.  Tenbriuck.  tiiwM  its  lirst  apiKmranco  on  tb4 
roa<I  ill  1X114,  it  has  travelled  Ul,4iUU  miles,  or  im  an  average  3,.^UUim 
niuntlt.  The  mean  eunsuinption  of  fnel  dunii]>;  that  time  was  twiMity: 
one  puiiudH  per  mile,  and  espeiises  fur  rei)iurs  amuiuiti-'d  to  %Xi'J,  a  little 
in  wxce*s  (if  one-half  cent  \kt  mile. 

Twelve  engines  of  the  same  type  were  subsecpiently  rMinHtructai  by 
the  wmjiany  an<l  have  given  eipially  as  aatisfiietory  itMiilts.  The  Krupil 
tyi-es  on  tbe  oan-ying  wheels  of  this  engine  were  replaced  atter  having: 
tnivelled  wver  4.'!,IKH)  iniles,  but  the  drivers  have  tieitber  reipiin-d  tiiniing 
down  nor  renewal.  A  word  about  theainokB-vonsuinvrs  so  mneh  iu  favor 
on  this  railway.  The  object  of  the  Invention  is  to  prevent  the  direct 
piMS!)}ce  of  the  prodnets  ot  combustion  from  tbe  (Ire  to  the  tubes  of  th« 
lioiler,  thus  eone^intrating  a  more  Intense  heat  in  the  tire  box.  It  is  ao 
eompbshed  by  an  inclined  bridge  wall  extending  ;urn>HS  the  tire  box, 
whi<^h  springs  from  a  jKiint  imuiediutely  below  the  tubes,  and  has  an  io» 
eliuatiou  of  al)out  ;t(P  with  a  hurii^ontal  Hue.  From  tbe  tube  sheet  Uia 
wall  projects  over  a  dist^nee  of  about  two-thirds  the  length  of  tbe  1 
box,  A  simitar  inclination  is  given  to  the  grate,  which  causes  it  to  rua 
nearly  paialb-l  with  the  wall.  This  wall  is  merely  a  ci>pper  box  ha' 
a  S^incb  water  sjnu'e,  it  In  hung  inside  the  furnace  by  Ruilnble  angle 
iron  cleats  and  maint^iins  a  circulation  by  four  pi|»e  connections  with 
the  water  U-gs  of  the  boiler,  while  a  little  cement  c1iim-s  Ihf  llsnare  l>u- 
tween  it«  edges  and  the  sides  of  the  furnace.  Copper  plate  live-eiglitha 
of  an  inch  in  thickness  is  usi^l  for  such  bridge  walls,  and  I  be  circulating 
tnltes  are  made  with  int«mal  diameters  of  three  inches.  The  syitteiit 
was  first  applied  In  engine  No.  Ul,  of  the  Eastern  railway  of  Franw,  la 
the  uiouUi  of  November,  IS.")!),  where  It  continueil  to  work  with  t>i*>^<Mdi 
sutisfaetioH  until  tbe  date  of  removal,  viz  :  Febniarj-,  IKIIT,  during  which 
time  the  cjtgine  hiul  tnivelled  Il>l>,0(Ml  nille^.  On  examination  thveopiKir 
box  was  found  to  l>n  in  oeaily  aa  perfcvt  condltitm  externally  an  when 
first  adjusted.  For  the  parjioses  of  flrlng  three  doors  are  coitsitlei 
iiM'Cftsnry.  That  nearest  the  grat**  is  made  :U  Itrvbes  wide  by  8^  high 
and  UumtHliat4-ly  over  this  two  eirculiir  oue;«,  each  U^  inchott  In  diHtiut 
I  _'r.    Steel  is  est^-iisively  use<l  hy  this  company  in  the  constnietiun  i 


hi-ir  enginnt,  the  boiler  sbdl  nf  tlie  litcomotive  in  qupistion  is  iiiii^ 

^-HixK^i^tittiii  Iff  uii  inch  in  EliickuoHs. 
Tlw  I'm-'u  uiid  Uvous  iliiilwiiy  Company  ai-e  reprpsenU'd  l»y  n  well  de- 
ll antl  neatly  p-twiuted  locoKiotive,  to  vliicb  the  system  tti  Mr.  Thi«r- 
yu  applied  for  iiitmduoiii);  flacji'ts  uf  sti-itm  ovi-rtlieflre.  Tins  device 
niH  I>e  mentioned  at  >frfiitcr  leiigtli  In  L-onimvtii)ii  with  tlii^  suliji-ct  of 
a  iKiilcTx.  U  lias  Hlritady  been  applied  tu  over  oW  luuuiuotives  l>c- 
hnpng  lo  tbin  LHimpatty. 
Mr.  WalacbaJirt'a  system  of  operating  the  valves  may  be  seen  on  aev- 
d  lomumtives  in  the  Bi^lgian  department.  The  parts  are  so  arranged 
Hut  tttu  dealrcd  motiou  i-esidt^  from  the  combined  action  of  a  single 
'  and  tJiecnisH  head  of  the  piston  rod,  through  the  nieditiniof 
^incking  link  and  lever  ooiuieL^tious.  From  tlie  amount  of  spiK'r  re^iuired 
h  tbe  location  of  the  details  it  can  mure  readily  be  lulaptMl  to  outride 
ID  to  Inside  ey Under  engines.  The  motion  (levelo|M-'d  ia  aimlogous  to 
It  of  N  stationary  link,  but  cannot  be  nuiked  its  suiierior,  when  suf- 
entciireis  beMt4iwediupro|H>rtioniug  the  latter;  besides  this, the efl'ot-t 
lendet!  iu  reversing  the  engine  ia  no  less  ai-duous.  The  locomotive 
;  by  Messrs.  KmntM  &Co.,  of  Alunioli,  is  the  first  one  prodnecd  by 

ireslablislimont.    Aglaucc  at  the  dimensions,  weighty  and  power  ^ 
I  ill  the  tiible,  furnisbos  satisfactory  evidence  of  ita  anccess.     Mr.  K. 
^nmiiDce^J,  unerseventeen  years  experience  on  Swiss  and  German  rail- 
i,  tiiat  the  greateststi'eugtliwitb  the  least  material  can  beg^uedby 
i huwqmniting  the  wuti^r  tank  with  the  nmin  frame  of  the  engine  that 
vDI  form  u  deep  box  girder  of  the  structure,  while  tlie  rigidity  is  su- 
1  by  frtipient  sUiying.     On  this  principle  tlie  tank  plates  ait-  sutH- 
y  strong  if  made  only  one  fourth  of  an  inch  in  thickness,  bnt  with 
^eptb  of  three  feel.    The  boiler  is  fornieil  of  steel,  as  well  as  the  receip- 
ting parts  of  the  machinery,  iis  flre  box  plates  are  eorrugateil  and 
Rgmt«  bars  widt^ly  i<e]ianvted  for  rho  piti-[>use  of  burning  piMit.    The 
Iftlb  of  the  connecting  rods,  ii^jcctor,  Inbricat^n's,  &c.,  are  well  studied 
d  powuwt  several  ingenious  features. 

Bw  most  pi-rftHrt  speciiuens  of  workmanship  in  the  Frenrb  depart- 
it  are  supplied  l»y  tlie  widely -known  Arm  of  .Messrs,  Schneider  &  (^^o.,  of 
reazoL  They an> three  innuml)er;  the  liint  has  1<>X-^  inch  cylinderM, 
4  was  built  from  drawings  prei)ared  in  Hnglimd.  Thes<r<rond,  numc<l 
»f  St.  Laurent,'"  is  a  sixeouplcd  tank  engine  designed  for  service  on 
IPtsnwttys  in  the  neigblwrhood  of  Creuzot,  and  the  third  engine  for 
i  collieries  of  the  same  place.  The  latter  is  exccedingl.i 
nple,  and  r<-]ircM-nt!i  n  type  which  may  to  ndvantuge  lie  extensli^ 

AUSTKUS  LOOOMOTtVEH. 
I  ^te  Anstrion  department  mny  be  seen  a  ten-wheeled  coupled 
UDOdvi!,  bnilt  by  the  State  Itailway  So«'lety  fitr  sert'iee  on  a  .tborl 
I  tit  Hungary,  on  v  hicli  tlii'M'  lire  flncents  of  one  in  flay  and  c 


300  (v»t  rHdiuH.  Six  (if  Itie  wheeU  iire  roiiploil  tnK<'Iti(>r  iiiiii  c:oiiiiL%t4- 
with  twi)  oylitiilm-s  pig)it«eii  iiiiil  mio-tliird  iiirlics  liiamt'Wrbv  twi-nl; 
fmir  mill  sevcji-^i^hUis  inches  stroke.  The  otiier  four  Mupjiort  a  tritcl 
b«>twet>ii  w[io«e  rtxies  th*  fli-e  box  of  the  boiler  is  HituattMl ;  lU  JVout  ; 
pivoted  t«  tlie  frumc  of  the  six  whwls.  A  erHiik-Hhafl  o\'or  the  for 
wheeU  uf  the  triiek,  with  ci>iiiievtiii^  rodit  tu  theii'  craiik-pius,  »iid  ihi 
]iiiis  of  the  driver»  xervea  for  tranHmitting  motiou  frtmi  the  drivere  U 
the  wh(M.-l8  of  tho  latter.  This  engine,  with  it«  tender,  {loa<lMi,)  weij 
flfty-Heven  and  one-half  tons,  is  exceedingly  cnmplieatx>d,  and  nudt>r  ni 
cireiuiwtances  likely  to  be  rt^priMtiiced  in  tlic  Uiiit^-d  Stales. 

THE  MAUOVOS. 

A  curious  invention  has  reeeiitly  l>een  pro<lnced  by  Mr.  C.  Schonberi 
zky,  of  15  Wosntweu.st'.i^a,  St.  I'etJTsbiiig.  It-*t  objee-t  is  lo disj^enw  vintJ 
Hlt^-ep  gnuliutit^  on  railways  by  the  aiUtitioii  of  a  carriage  to  eut^li  ttnlB 
H'liteh  Hliall  ai't  the  jtart  of  a  Htorehonse  fur  momeutuin  dei'el(i[H;il  rlnriiij 
a  descent,  wln-iiee  it  may  be  i-epriHltieed  at  will  aud  iwsist  the  loi'tmiotivi 
oil  [lie  oiipoisitv  ascent.  He  has  given  the  title  of  "Maliovoa" 
new  motor  and  iiitriKluced  a  working  inoilet  in  the  Rimsian  departmen 
I  of  the  K\iHmitJon.  The  traek  fur  the  Hauie  Ik  110  t'lH't  in  teugUi,  h»vim 
11  rise  of  four  feet  in  this  tlistHnce.  Sear  ita  lowest  (Kiiut  is  loeat«d  : 
turn-table  for  reversing  the  "  Mnhovoa"  and  a  tank  io  i-ee*ive  the  wat« 
(-(inuiiued  in  its  t-rain  of  five  eur^.  Tlie  inoilel  weighs  L'T.I  imnndtt. 
iDtu^biue  Itself  will  readily  be  underst^HMl  from  the  aec4impanyin);  dntw 
itigson  Plate  1,  where  an  end  view  aud  section,  a  side  view  aud  a  vei 
cal  view  are  given.  The  iMmdoroiw  fly-wheels  a,  a,  are  »e<!U,  iu  the  «n< 
view,  nesting  by  the  rollers  h,  u)>on  the  eentnit  pair  of  wheels  d,  d,  wbtd 
run  Hpon  the  tnwk  betsveou  two  Urger  truck  wheels  e,  c.  The  flr 
e^irs  lillei)  with  water  weigh  iu  thu  aggrt^gute  l.^tlHI  punnds,  and  i 
wtnpled  in  front  of  the  "Malioviw"  at  the  t«p  of  the  gnule.  Wh« 
rewly  for  Ht^irting  the  two  large  dy-wheeU  are  lowvreil  nntil  tbd 
uxlv  rest.^  ua  the  four  friction  rollers  and  tbeiu^  in  turn  on  the 
rying  whet>h  of  tlit>  truck  through  the  medium  of  four  rolls  oti  tb^ 
sliMlbi.  Uuder  the  impulse  of  gravity  the  train  rommeneea  lla  sloi 
defeat,  dnriug  which  a  high  velooity  is  nitimulely  imitartetl  to  tli 
fly-wheels.  It  reaehes  llie  turn-table  after  a  lap.se  of  two  mjniileit. 
this  |H)int  the  ears,  l»eiiig  detu<^^hed.  eoutiuno  their  Jonrney  until  the  u 
iarvuched,  iut4i  whieh  having diwIiargtHl  about  solliKmndKuf  watt*t,  tW; 
are  then  leil  buck  to  the  turn-table.  Iu  the  mean  time  the  lly. wheels  wit 
their  shaft  an'  ruiiMMl  out  of  gear,  the  Xahovos  turned  eiul  for  end,  n» 
mailo  mtdy  Ut  reiiMH'ud  after  the  <M>upIinK  of  the  can  t»km  piM 
Tills  iH'ing  aeenmptistie*!,  the  tly-wfa«>«>1s  are  lowewd  a  awond  litue,  vtha 
the  i-drs  rise  ipiickly  to  the  starting  poinL  The  prlnei)de  wunhl  hav 
been  inon>  intelligibly  ilhutraleil  by  a  track  ofdoableihe  length,  hftvii 
Ihith  a  devendiug  Htid  an  asi-emling  grade.  Although  ulaimetlby  tb 
inventor,  that  it  Is  pomllnrly  adiiptwl  tu  ouiidnctJDg  the  biuiled  cars  of 


colliery  dnwii  a  steep  liill  anil  reasccniUng  with  the  empty  ones,  it  is  dif- 
ticiiltWiliscuver  what  lulvaiitagesueh  ail  expeiisivesubstitute  would  have 
over  the  ordinary  method  of  ropt  aud  palleys.  In  the  practic.vl  appli- 
cation of  this  niethoJ  Mr,  Schouberszky  df  signs  making  the  fly-wheels 
of  east  steel  and  so  pioportioiiingthem  that  each  will  contain  twelve 
tons  of  metal,  and  resist  the  ceiitrit'ugal  tbrce  due  to  a  velocity  of  800 
revolutions  per  miniit>e.  He  estimates  the  work  developed  by  a  velocity 
of  50U  revolutions  at  500  horse-power,  and  that  such  machines  are  avail- 
able on  giades  of  one  in  twenty-five.  The  benefits  to  be  derived  seem 
roost  apparent  when  considered  as  an  assistant  of  railway  motors  in 
thinly  8ettle<l  hilly  countries,  where  the  traffic  will  not  waiTant  heavy 
outlay  in  tunnels,  tn'X'leSi  viaducts,  &c.  The  principal  restriction  to  its 
application  one  would  naturally  suai)ect  will  be  found  in  the  necessity 
of  constructing  entirely  free  of  curves  that  portion  of  the  line  where  its 
tttiDce  is  demanded. 


^B^l 
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But  this  method  of  over(K>miug  grade.'^  tends  to  increase  an  element 
of  evil  already  too  prevalent  on  railways,  viz :  the  transportation  of 
nuremunerative  weight.  In  connection  with  this  subject  the  models 
Hubmitt^d  by  Mr,  li.  F.  Fairlie,  of  oli  Uracechnrch  street,  Lundon,  in  the 
English  department,  are  worthy  of  the  closest  examination.  This  gentle- 
man has,  as  it  were,  condensed  the  old  idea  of  placing  an  engine  and 
tender  in  front  and  another  in  the  rear  of  a  train  destined  to  ascend  a 
steep  gi-ado.  Hl-,  having  first  discarded  the  two  tenders  as  useless  in 
whatever  light  they  may  be  considered,  has  joined  the  fire  boxes  of  the 
engines,  thus  forming  one,  and  so  arranges)  each  of  the  fi'ames  with  its 
wheels,  cylinders,  &c.,  that  it  is  free  to  vibrate  around  a  central  pivot  in 
coutbrmity  with  any  curvature  given  to  the  rails.  By  this  arrangement 
the  furnace  must  be  fired  from  either  side,  along  which  also  are  the 
tanks,  bunkers,  &c,,  as  clearly  shown  on  Plate  I,  Fig,  5,  The  advan- 
tages accruing  are  numerous.  What  was  previously  unremunerative 
weight  immediately  becomes  effective;  not  by  overburdening  a  certain 
set  of  wheels,  bat  by  assigning  a  uniform  amount  to  each.  The  engine 
may  be  run  ui  either  direction,  and  is  conseijuently  independent  of  tum- 
tuhles.  At  the  same  time,  and  on  account  of  the  position  held  by  the 
two  pivots,  it  is  able  to  pass  any  curve  that  was  possible  with  the 
single  engine,  and  by  the  increase  of  its  ti'active  force  to  surmount 
grades  otherwise  impassable.  Mr,  Pairlie,  however,  has  advanced 
further  tlian  models,  and  ab-eady  has  engines  built  on  his  principle  and 
running  on  the  Keath  and  Brecon  railway,  a  line  which  passes  through 
the  mountainous  district  of  South  Wales.  They  have  worked  with 
;wUuir.ible  success  on  grades  of  one  in  fifty.  It  should  not  be  overlooked 
in  estimating  the  value  of  this  system  that  the  parts  of  such  engines 

)  rcuUily  interchangeable,  not  only  lulmittiug  of  greater  facility  in 
2  8  E 
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the  repairs,  but  also  diminishing  the  number  of  engines  large  roads  are 
usually  compelled  to  keep  in  stock.  Mr.  Fairlie's  agents  in  the  United 
States  are  John  Cooke,  esq.,  of  the  firm  of  Danforth,  Cooke  &  Co., 
Paterson,  New  Jersey,  and  George  E.  Gray,  esq.,  consulting  engineer  to 
the  Central  Pacific  railroad. 

MEYER'S  LOCOMOTIVE. 

The  system  of  Messrs.  J.  J.  &  Adolphe  Meyer,  of  Mulhouse,  France, 
is  analogous  to  that  just  mentioned,  but  makes  use  of  the  ordinary 
locomotive  boiler,  and  places  one  of  the  frame  pivots  under  the  centre 
of  the  fire  grate,  the  other  under  that  of  the  smoke  box.  These  gentle- 
men furnish  their  engines  with  the  Stradel  coupling  link,  of  which 
Messrs.  J.  F.  Cail  &  Co.,  of  Lille,  are  the  agents.  The  parts  of  this  link 
are  so  disposed  that  the  strain  exerted  by  the  train  acts  as  if  applied  at 
the  centre  of  gravity  of  the  locomotive,  even  during  its  passage  around 
the  sharpest  curves.    PI.  I,  Fig.  6. 

Ere  the  publication  of  these  remarks  a  new  era  will  have  been  inangu 
rated  in  the  history  of  railway  engineering.  The  rails  spanning  Mount 
Cenis  from  St.  Michel,  in  France,  to  Susa,  in  Italy,  a  distance  of  forty 
nine  miles,  are  now  laid  and  the  ballasting  nearly  accomplished.  So  that 
within  a  few  months  the  toilsome  ride  of  ten  hours,  by  dDigence,  will  be 
reduced  to  one  of  six,  besides  saving  the  frequent  changes  of  baggage 
now  inevitable.  Mr.  J.  B.  Fell,  the  patentee  of  the  adopted  system, 
exhibits  drawings  of  his  locomotives  and  a  model  passenger  car.  The 
former  are  being  built  by  Messrs.  Gouin  &  Co.,  of  Paris,  the  latter  u 
from  the  manufactory  of  Messrs.  Chavelier,  Cheilus,  Jr.,  &  Co.,  of  61 
Quai  de  Grenelle.  As  this  very  ingenious  system  will  then  have 
appeared  and  been  discussed  in  the  light  of  actual  experience,  any  furthei 
remark  at  this  time  seems  unnecessary. 

CAST-STEEL  CYLINDERS. 

Before  passing  from  the  subject  of  locomotives  it  should  be  mentioned 
that  the  Society  of  Mines  and  Steel  Works  of  Bochum,  Prussia,  exhibit  a 
remarkable  cylinder  formed  of  cast  steel.  It  has  been  bored,  and  the 
valve  seat  faced  off,  and  although  many  of  the  cores  used  in  the  moulding 
were  quite  intricate,  in  no  portion  can  the  slightest  imi>erfection  be  dis 
covered.  Again,  in  the  French  department  are  immense  copper  platen 
rolled  by  the  firms  of  Messrs.  Estivant  Brothers,  and  L.  L.  Eti-angc 
&  Co.,  of  the  following  dimensions:  16'  5"  x  7'  1"  x  fj";  17'  ^  x  5 
2J"  x  If^" ;  24'  5J"  X  5'  7"  x  J" ;  24'  7^"  x  6'  7^"  x  i." 

Their  unusual  size  suggests  the  propriety  of  using  them  for  the  twc 
sides  and  roof  of  copper  fire  boxes  now  so  much  in  vogue,  thereby  sav 
ing  two  unnecessary  seams. 
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"BBigtrETTE  FUEL." 

The  gpiicral  line  on  the  contiiicnt  of  "  briqnettes,"  ii3  fiit'l  for  locoino- 
lives  u  a  matt«r  of  deep  interest  to  our  railway  coniiianii-s,  both  an 
Tfiyievis  (MMinomy  of  consiimption  and  room  i-eqtiired  for  stonige.  They 
*[>■  <-i)m|>o»t'd  nf  li II ely -powdered,  Wttehed  coals,  eeiiifult'd  with  !i  niHt«- 
ri;*l  wbliih  forms  the  refuse  of  starch  factories,  or  with  coal  tnr.  The 
'nuiure  is  HiihJfctKl  In  tlic  pivsscireof  a  plRton  in  a  cylindrical  orpolyg- 
lul  cHsc,  and  thi'M  exjHist-d  to  a  current  of  hot  air  in  a  kiln  for  alxiut 
iiriT  hoiint.  Tin-  resulting  lilock»  weigh  on  an  averiige  eight  poniuU, 
<t<i|  Inim  with  a  residue  of  from  four  to  aevcn  per  c4^ut.  of  atthcs.  The 
iIKwric*'  of  the  AuHtiiau  railways  in,  that  they  evaponitc  7.2  pouuds 
■i  «alcr  per  pound  of  coal.  Their  introduction  has  been  most  rapid  on 
ill  lirrnniiient  roads  of  Fmnce  and  liclgium. 

11— RAILWAY  PLANT. 

SLUEFEBS,    TIES,    AND    CLIPS. 

ItW  nipid  extensiou  of  rmlway  interests  in  tropical   nonnCries,  a8 

Bjfptf  India,  Algeria,  and  South  America,  with  the  iacreasetl  Hcuruity 

if  tinber  for  ties  in  more  civilized  portions  of  the  world,  have  coucen- 

Med  the  effortii  of  inventive  talent  towards  the  proiluction  nf  what 

HgrjBStly  be  termed  a  i>ermanent  roadbe^l.    The  present  Eximsitioo 

MMdns  «>nie  interesting  signs  of  progress  in  this  direction ;  ii  few  only 

fffll  ba  8eWt4;d  as  tyiies,  onitiiig  simplivity  of  construction  with  prtic- 

llral  Rtility. 

Till   I  1^1  iron  pot  sleeper  introduced  on  the  Alexandria,  Cairo  and  Sue» 

Mr.  It.  Stephenson,  in  the  yeiir  1851,  Receives  the  iiut|ualilled 

.11  of  the  loi-al  engineers,  as  best  whipt^d  t*)  the  compact  stuids 

■  ii.-  Mill'/  istllmll^f  and  the  loose  alluvial  soil  of  the  Nile  deU».     Even 

'  i\y  engines  running  at  high  speeds  over  the  Egyptian  rails  (whicli 

■  ii;U  GH  iHiundM  per  yard)  have  uo  serious  etlect  on  these  sleepers.    Aa 

r-nberigidity  of  the  road -lied  compared  with  the  wooden-sleeper  system, 

«  arc  siire  that  those  who  have  travelled  the  length  of  this  route  must 

kavr  diw-ovcred  no  cause  for  complaint;   but,  on  the  contrary,  have 

the  smooth  running  of  the  trains.    This  sleeper  is  exhibited  in 

Ii  department,  together  with  two  of  simitar  principle,  Imt  dif- 

lu  tieidgn.    That  known  ns  Giiffcn's  patent  is  an  oval  uistiunt, 

'Inches  by  IT  inelies)  having  a  channel  along  the  domelike  surface  fur 

lUe  tv<-eption  of  tlie  rail :  distance  biirn  are  let   iulo  cored  soi-ket«i  and 

iDwntain  the  uniformity  nf  the  gauge.    The  Economic  i'ernmnent  Way 

of  London,  manufactiuv  a  hollow  chair  whose  upi>er  surface 

of  a  cylinder  ;{l>  inches  long,  the  chord  of  the  arc  13  inches 

five  inches.     A  channel  cored  in  the  back  of  the  casting 

ail,  whidi  i^  held  in  plaoo  by  two  bwltx  piuuting  t 

fixed  and  two  movable.     Diittaucv  bars  regulate  tl 
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and  the  cliiiiri^  are  plnced  44  inches  between  centres.  The  system  of  Mr. 
J.  Vaiitherim,  of  Fraisaiis,  is  adopted  on  portions  of  the  Northern  rail- 
way of  France  and  the  railway  of  Lyons.  He  »iib»titutes  a  rolled  iron 
sleeper  for  wood,  and  retains  the  rail  with  gibs  and  keys  2)asfiing  through 
wrought- iron  elamps  and  the  sleeper.  The  latter  has  a  base  of  10  iuche^, 
iheight  of  2^  inches ;  is  5  inches  in  width  at  the  top  and  ^  inch  in  ttiick- 
uees.  A  curvature  with  a  vers-sine  of  3  inches  is  imjirejssed  on  all  the 
sleepers,  thus  carrying  their  ceintrea  below  the  ballast,  and  by  the  arclieil 
furin  impiirting  greater  rigidity  to  the  beam.    See  figures  on  Plate  L 

The  Marcinelle  Couillet  Company,  uf  Charleroi,  Belgium,  exhibit  a 
section  of  railway  with  it«  wnmgbt-iron  ties  attached,  which  has  been 
in  actual  service  during  four  and  a  half  years,  and  givescvidenee  of  great 
durability.  It  is  worthy  the  attentlonof  parties  opposed  to  wroughtiron 
ties,  (from  their  want  of  the  elasticity  peculiar  to  wooden  ones,)  since  it 
forms  a  compromise  between  the  two ;  in  which  wood  acta  as  *he  mere 
cushion ;  iron  the  solid  foundation.  The  rails  are  4^  inches  deep,  with 
2}-inchhefld  and  4J-iiich  base,  the  gauge  4  feet  8j  inches;  all  the  joints 
are  formed  on  the  "  flshed  principle,"  and  secured  with  4f-inch  bolts. 
Thesleepersaresimply  rolled  I-beams  8  feet  olncheslong,  (7  inches  deep, 
^inch  web  and  2^inch  heads,)  placed  3(J  inches  between  centres. 
Instead  of  resting  directly  on  these,  a  painted  oak  block  is  inter[>08ed 
between  them  and  the  rail.  Such  blocks  ai-e  10  inches  long,  by  6^  inches 
wide,  by  2j  inches  thick,  and  have  a  channel  4J  inches  wide  by  J  inch 
deep,  in  which  the  base  of  the  rail  rests.  Two  |-inch  bolts  (with  Ig-inch 
i-ound  washers}  secure  the  rail  to  the  I-beam ;  the  latter,  it  shonld  be 
observed,  lies  with  its  web  in  a  horizontal  position.  The  bolt  holes  are 
bored  close  to  the  flanges  of  the  rails,  to  allow  of  the  wasliers  clamping 
the  latter,  and  the  points  of  the  bolts  are  slightlj'  burred  to  prevent  the 
loosening  of  the  nut.  An  increase  in  the  diameter  of  the  washer  might 
be  made  with  evident  iidvautage, 

The  Hartwich  system,  introduced  on  the  Ithenan  and  Cologne  railway 
dispenses  ivith  sleepers  altogether,  by  using  very  deep  rails  having  broad 
bases.  Their  rails  are  rolled  9|  inches  deep,  (with  2f-inch  head,  4!|inch 
base,  f-iuch  web,)  and  the  gauge  regulated  by  1-inch  rods  placed 
six  feet  three  iuches  apart,  having  threadsou  tlieir  ends  and  a  uut  on  each 
side  of  the  rail  weba.  To  preserve  the  upper  parts  of  these  deep  rails 
&om  variation,  the  rods  pass  through  hotus  only  three  inehes  Itelow  the 
head,  and  every  fourth  space  between  rods  has  an  intermediate  one  near 
the  lower  flanges  of  the  rails.  Fish-joints  give  the  mils  the  rigidity  pos- 
sessed byconlinuous  beams,  while  the  ballasting  covers  all  except  their 
heads.  Steel  rails,  and  iron  rails  with  steel  heads,  are  well  represented 
in  all  the  departments  and  produce  the  impression  that  the  plain  iron 
rail,  for  roads  of  very  extensive  traffic,  will  soon  be  a  relic  of  the  past 
Several  manufacturers  show  si>ecimen8  of  steel  reversible  crossings, 
while  Austria  and  Holland  are  creditably  represented  by  those  of  chilled 
iron. 

Mr.  ().  E.  Dt'riug,  of  Lochleys,  Welwyn  Herts,  England,  exhibits 
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plM  of  a  T«>inpere(l  steel  apt'ing  flip  for  rail  jikiiits,  whJcli  a)>)>e-<ired 
tathe  Kxhibition  in  iAGJ,  nnd  ha«  f>iD<¥  pert'oriTii'i)  guiHl  sciviiT  on  liiitw 
!■  tlie  Gii-Jtt  Xorthcrii,  also  Greftt  Soiitberii  iiriil   Wrslcni  milwHyH. 


Deling'*  tempered  itcel  Clip. 

IWs  rfip  fomw  »  stwl  tMiae  envelojunK  tbe  cstn'mities  of  tbe  rail,  and 

■mihL*  tin*  Willie  Willi  increased  tenacity  iinilor  tli«  pressure  of  lieuvy 

M'K     A  Juiat  tion.'stnK't4.-d  on  tliia  priiicijile  was  <^^ari>fii1ly  tested  by 

'  ICirkiildj',  ea<i,,  and  fuund  to  ba,vo  n  deflection  of  1.31  ineb  under  a 

'  ..-i  of  2G,tKK)  [Htiinds,  witb  supimrts  36  inebea  apnrt.    Wben  the  load 

.»  n-niovcd  tbe  elip  attsiiiiiHl  its  normal  coDdiliuii  free  of  piTinunent 

'  i.    He  ul«o  te^teil  under  tbe  Rituie  eonditions  two  rails  united  by  the 

K^iiuity  liiih  joint.     .Seventeen  thousand  pounds  served   to  prodnee  a 

tioD  nf  2.7S  incli,  from  wbieb  tbe  Joint  fiiiled  to  recover  after  tbe 

]  of  tbe  lc»ad.    Tins  eJip  is  entirely  iH-o  of  liolts,  iinta,  &c.,  wliicb 

blllle  to  beeonie  loose  even  nnder  tUe  closest  inspeelion. 

I  anl^eet  of  railway  plant  slmidd  not  l>e  eonclnded  witboiit  flrst 

S  to  a  new  spike  tbimble.    One  seriou.s  objection  to  soft,  ebeap 

r  far  railway  ties  has  bitberto  been  the  liability  of  tbe  Kpikes  bold- 

\  dsvD  tile  mils  to  become  Io<mcned,    This  resiUta  in  part  from  the 

y  of  Ibe  raili^  to  npreatl  under  tlie  netion  of  heavy  trains  run- 

L  IiIk')  Kpeetl,  thus  ei-owding  tbe  spike  laterally   into  tlie  soft 

Mr.  Desbrii^re,  (W  Kite  de  I'l-ovenee,  Paris,  has  patented  a  east' 

ubl»  for  Kiirrountlint;  the  spike  and  t)rin}<iu^  a  gi-eater  numlter 

p  flbrei  to  bear  in  resisting  itx  cnndiing  etleet.    Tbe^e  thimblej«  an^ 

twii  iiuhi'."  in  diameter,  one  and  one-tpiarter  ineb  thick,  having  "  Hiree 

•juiirtir  inrb  wpnire  or  round  hole  eoieil  in  the  eentre,  and  are  slightly 

!  under  side.    A  rew'ss oneqiuirtcr  inch  deep  i 

1  which  the  mil  rests,  and  prevent?*  any  teiii 


nilatioii.  Kidicr  siiikcs  or  tciilviuiined  wood  sciews  (thret'-limrtiis  ii 
by  four  uiitl  a  liiiiriiicli(.'8)  are  usetl  for  retaining  tlio  raili*.  8pociin4tii 
of  ttijH  Uiid  with  lliciu!  tliiiulilciH  in  April,  18(12,  ou  the  Algerian  railwii 
npar  lilidiili,  well  iUtistniU'  tbe  benefits  to  Iw  dcrivi^l.  Tlit-y  arv  in  u 
ciii  tlie  yortlioni  r.iitway  of  Pi-aiiM-,  at  Chiireutvs  and  at  Hlouiit  Ccnia 
ThisiirincipUiiiiiglit  i-eiiderimjxirtant  serviMsin  jmrtoof  oiirownroiiDtT 
wliore  tiu»  uf  durable  close-gniinod  woods  are  diOicult  to  procure. 


A  stranger  travelling  on  Austrian  railways  diirinRtb*'  night  oaniti 
fail  t4)  oltserre  that  all  the  nwitcb  targeta  are  illiiniinal^'d,  and  prew^i 
the  M»nie  red  and  wliit«  8ignn)  at  uigbt  as  in  the  ilay.  The  engineer 
thns  obliged  to  R'nieuiber  but  one  system  nf  signiilt«;  lighti*  eannot  I 
uiisTilaeed,  and  a  frnitful  souree  of  aecUlent  is  uvoidMl.  Previous  to  tl; 
year  I85I  it,  was  PH«toinary  on  tbo  same  railways  to  hang  a  red  liintci 
on  one  extremity  of  the  target,  and  a  white  on  the  other.  As  tli 
practice  constantly  gave  rise  to  a«'eident«  by  the  misplacement  of  tl 
lanterns,  it  attraeteil  the  attention  of  Mr.  Wolf  Bender,  engineer  of  tli 
Austrian  State  ttailway  Society,  who  invented  and  npplietl  to  all  U 
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swileh  stuvci 
empire  a  circular  m« 
tnllic  target  thiol 
enough  to  ree«ve 
lamp.  The  faces  o 
this  target  were  coii 
cave,  and  in  front  < 
the  l,imp  on  both  side 
\M-rn  plared  eonlea 
.screens,  wliieh  rcfleeti 
cd  the  iliri'cl  horiz^a 
til  rii\'8  of  light  Iift« 
on  the  c"h»red  faces  a 
the  target.  Mr.  Iteh 
der  also  entered  itit 
an  elaborate  matbe 
niutienl  discussion  i 
the  proiKT  angle  fu 
the  face  of  the  a 
and  r.ulii  of  eurvatnr 
for  that  of  the  target 
which  hi>  publisher)  ii 
Vienna.  Ills  Uitei 
n>  iiiipntvenieut  conust 

Ilrii'iM'n  Riiil»»y  siiiii«i«.  in  fonnlng  the  Uugt 

like  a  short  lliivk  arn»w,  jiuintci)  ri'd  and  white,  and  the  use  of  g\M 
reflectors,  which  hus  a  decided  advantage  over  tbo  funner  orraogetneul 


TIm?  ideji  is  one  wliich  niiglit  adviiiitagciinsly  be  iulu[)tiHl  by  all  wim- 
^naUx  nsiiig  targeted  switclies.  Tlie  Anstriiiiia  not  only  illiiniinate 
^^Hr  swi(r|i  tJirgfti4,  but.,  ou  tliu  arrival  ol'  a  train  til  any  HtJitioa  where 
^^^■Mrr  iH  sii-reil,  they  place  a  trii)[i(:iilar-s)iai)e<l  lantern  on  tUe  8i(l<<  of 
^^Bimr.  llie  glaiisps  of  which  arc  iuscriU-d  with  the  train's  deati nation. 
^^WR  is  a  great  eonveaicutw,  where  stutiona  are  large,  trains  nituieroniii, 
^Hri  a  sudden  departiiK  imijerative. 

^^  Thf  other  railway  Uuit«rDs  and  Uimp»,  saeh  a«  thosi;  exhihiteil  l>y  Mr. 
E.  MasMon,  7  Hup  Latjntk-,  and  Messrs.  I^on  Lnuhnirv  &  Co.,  2o  Uue 
Kranl.  I*uris,  are  siieeially  adapted  t«  Wfutinental  ruilway  coaches,  and 
iiif  tUe  most  part  of  little  interejst  in  connetiUon  with  our  system  of  tson- 
'traction. 

The  well-dlgestod  system  of  railway  pointx  and  signals  invented  by 
Mfiisrs.  Saxhy&  Fanner,  of  Irfindon,audextensivclyapi>ne<)  on  Bnglisli 
1  iilwiiyjt,  i»  t*Ki  generally  known  and  appretiiated  Ut  reguiro  a  lengthy 
iinTiplioii  of  the  illustrated  inodt^l  tht\v  have  placed  on  exhilijtion. 

U I .— S*,' A  L  ES— D  YN  ASIOM  ETER. 

KRIIARUT'S   POETABLi:   (SCALE. 

Iiix^otuotive  and  car  builders  often  experience  the  want  of  Hnitablo 

9  by  which  they  can  deterniinii  the  total  weight  of  diftVrtMit  classcit 

Oin|!  ftlot:k,  as  well  a»  the  dtstribntionuf  tiiat  weight  ujwn  the  opHngH. 

I  Acairs  for  weighing  loads  between  five  ami  fifty  tons  are  bp- 

ily  large,  complex,  and  very  costly.    On  railways  generally,  the 

I  is  erected  at  a  prouunent  station,  and  the  rolling   stock  eeul 

ler  for  insjKTtion,  instead  of  the  moi-c  e^ronouiical  method  of  Hend- 

tmt  of  seales  to  the  stock.     Mr.  Kicliard  Hartmann,  of  Chemniti;, 

■,  pjchibita  in  the  Prussian  department  a  form  of  scale  recently 

mtwl  by  Mr.  Erhardt.    The  construction  is  shown  hy  a  figure  n(x)n 

Hate   I.    Tlie  apparatus  combines   two  levera  of  the  first  and  ihini 

kiDils  on  a  light  iron  frame.     Oneestremity  of  this  nitnie  is  drawn  down 

^^^Ae  form  of  a  lip.  and  rests  on  the  out*?r  liange  of  the  rail  upon  which 

^^^weugiue  to  be  weighed  stands.    The  other  arm  of  the  frame  ia  niain- 

^^^bd  ill  a  vertical  {losition  by  a  stand  plate.    The  fulcrum  of  the  lever 

^^Bn«  Rnt  kind  is  near  the  lip  of  the  frame.    This  lever  h:is  a  lip  turned  on 

ttn  ritort  arm  designed  to  catxrh  under  the  trea^l  of  the  wheel  close  to  its 

laiint  of  c»mt-iet  with  the  rail.    The  longarm  of  the  lever  extends  behind 

Ifcfl  n'rticjtl  arm  of  the  frame,  and  then-  forms  itJi  coDuection  with  a 

jrof  tbv  Ihinl  kind,  g,  which  performs  the  functions  of  a  steelyard. 

Ipropiirly  a^cortainiug  the  weight  of  an  engine,  oh  many  of  tliese 

R  ore  re<iuired  as  there  are  wheels  to  the  engine,  or  us  Ihere  are 

"wbMs  having  springs  united  by  ei^uatizers.     The  engine   shoidd  he 

pliu!«rl  iMi  »  level,  well-ballastod  track ;  during  the  pron-itsof  weighing  It 

nrfll  bft  raised  about  one  nixleenth  ol  an  inch  fi-oni  the  rails. 

(  attached  to  the  scale  frame  can  be  iid.insted  by  the  I 


PARIS  IfNIVERSAL   EXrOSmoS. 

flnequalitips  of  the  ground  and  iirpservo  itn  vBrticul  p 
EmIi  wiilfweiKlis  11)7  ponnrts,  exclusive  of  the  wpighta,  wiiit^h  are  <3 
IKtinids.  !t8  niimcity  ranges  bctwcfii  1,(H)0  )H)iin<l8  and  ir>,000  pounds 
A  vory  marked  fontrust  wiw  obsi'rvablc  lictwi'i'ii  tlu-se  rompat^t.  porta- 
ble apparatiises  of  Mr.  Erhardt  (w-hit;h  are  generally  adopted  on  the 
oonlinenl)  and  the  five  scale  platforntfl  in  the  Frcni-h  department,! 
whirli  stood  a  I  en -wheeled  engine.  The  latter  were  very  cnmbnjiif*  tU 
tiiriM,  and  iiiiiiiuti'diu  nn  elaborate  manner,  <]uite regardless  of  exi)«nt«e, 

BAtLWAV  DYXAMOXETKB. 

The  only  apparatus  deBigned  to  indicate  tbe  fore*  and  »peed  of  raO 
way  trains  i»  tliat  contributed  by  the  director  of  the  Easlern  railway  « 
Prussia,  and  waitinveuted  by  Mr.  E.  HoUt,  of  Bromberg,  (Plate  II,  Figs 
1, 2,  a.) 

The  iilea  of  this  device  is  to  cansc  the  coupling  link  between  the  draw 
books  of  any  two  cars  to  act  through  n  compuund  lever  aud  spring,  rvg 
istering  (he  tension  exerted,  by  means  of  a  pencil  on  a  piece  of  papea 
luoved  by  clock  work.  The  nimlel  rci)re«ent«  the  end  sills  of  the  i 
with  their  regular  attach meuta  of  plunger  buffers  and  draw-hooks;  th< 
hooks  are  iutended  to  connect  rigidly  by  u  diaw-bar  with  their  niate-son 
the  upjiosite  extremities  of  tbe  cars.  Tbo  (Kfupllug  Ihik  is  couipOHt>d  q 
two  shackles  uinted  by  a  right  and  leftrthreaded  bolt,  which  U  turtiei 
by  au  attacbeil  handle  and  ball.  Tbe  only  diflereacre  between  it  and  tht 
ordinary  attachment  is  that  instead  of  both  sluicklcs  loojiiug  over  th< 
(Iruw-liooks  only  one  in  tinia  fastened,  while  tbt-  olber  conneclJ4  with  th4 
sliort  arm  of  a  lover  (of  tbe  llrst  kuid)  whose  long  arm  bangs  dowa 
towards  tbe  ground.  This  lever  is  in  turn  attached  to  the  draw-liook 
by  two  Iriaugular  plut^:«,  which  pass  each  side  of  it  and  are  secured  bjf 
a  pit)  foriuiiig  its  fulcrum.  The  lung  arm  is  couneeted  by  a  horizontal 
link  with  u  stwoud  lever  wbuse  fulcrum  occupies  tho  reniainiiig  angle  o 
the  triangle,  and  is  restrained  at  its  op|>ositu  extremity  by  means  of  a 
spring.  At  this  point  u  pencil  is  fastoned,  which,  during  the  motion  r 
the  train,  traces  an  irregular  line  on  a  pa)>«-r  passing  over  drums  and 
caused  to  iiilule  Ht  it  delitiito  siM^'d  by  clock-work.  The  tin  box  cor 
twining  Ibis  nicirhanisni — the  dninis,  paper,&c.^ — is  readily  detached,  » 
that  any  iwljustmeut  can  bo  efl'ccted  without  a  stoppage  of  tbe  train. 

Mr.  llolxt  publishes  a  neut  Htbogniph  of  this  apparatus,  (a  |»artion  c 
which  is  reproduced,  Plate  II,l''ig(*.  I  to  .'):)an>oug other  puiiitJiuriutereRl 
it  gives  aswtlonal  vipw{Fig.r))iif  7»milcsoftheEasteniniUway,betw»*eii 
tlic  cities  of  UromlHTBaud  Dirw-hall ;  immediately  over  this  (I-lg,  5, «,)  li 
drawn  a  canl  taken  by  the  dynamometer  while  attiKhed  to  a  train  pawiiij 
over  that  route.  The  npiutratun  se^'tus  well  iulii|ited  to  mienmtely  hwl 
the  merits  of  ditfenmt  car  IteaHugK.  the  resistances  deveh)|>ed  at  vuyiuj 
Bittfds.  and  kindred  subjects  of  im[uiry. 


IV.— RAILWAY  CARRIAGES. 


TWO-BTOKY  RArLWAY   CAKR1AOE8. 


Die  in»i»prtor  of  ijliint  and  rolliiig  stock  on  tlie  Wi^atom  niilwiiy  of 
bnce  (Exhibits  two  cai'rJiij^s,  combiiiiug  in  a  clever  manner  the  con- 
teutal  antl  American  H,vHt«in3  of  coiistruuttun.     Tliii*  )!etitleiuau,  Mr. 

i.  Viilanl,  also  th«  patentee  of  the  Hystem,  has  his  office  at  49  Rafl 
(  L»n(tt-ets  Pini!».  Tlie  olijett  niinod  at  in  Lis  invention  is  to  carry 
t  gn«U'st  nmnl>er  of  piissengent  (eomfortaltly)  with  the  uuiiniuni  of 

id  KiiigUt  in  the  ruUiiig  Ktoek,     It  is  aecompli^^d  by  hiiildmg  upon  tUo 
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ViilnrJ'.  Two-.tory  R»Il"nj  CnniiiEo 

[  of  a  csirriaKe,  constructed  on  the  Knni{iean  principh^  of  coinpnrt- 

iHT4<nd  narroner  carriage,  hnviug  »cat»  and  n  central  passiise. 

iHBiau  in  thccniljrrttnt  ears  of  the  L'nitcd  State*.    This  second  ntory 

UUUiunti'H  by  end  doors  with  fonr  t]iKhI'<  of  wmnght-iron  alaii-!*  pass- 

[owu  the  tMnUof  thi>  car  from  platforms  in  front  of  each  door,  and 

feinotml  by  the  main  footboards  which  run  jdong  the  sides  lii  J 


of  till'  compartment  doors.  The  iiiiiiresi^iou  flr«t  ])ro(lufed  ItyKUvJi  • 
coinlnnatioD  is  tliat  in  pmwtite  it  would  Ik;  found  toji-liwivj,  Xlii« 
difflcnity  18  obviated  l>y  redociiifc'  tht  litight  of  tlie  twt»  sUiries  to  i 
niinimutii;  tlic  spcond-atory  roof  i»  an-lted  nvor  tin-  passage  way  in  i 
mimnor  siniUiir  tu  tlitit  udoptiNl  on  our  ntn-ct  vam,  mid  tlip  main  body 
is  t\-nini>d  low,  »o  Uiat  tlip  whepla  pass  up  tlirough  the  fltwr  and 
under  tlip  seatM,  UR  pructiHpd  by  tlie  »aau!  wir  buildcrB.  This  uf  i.-oan« 
places  thp  main  hIIIi  below  tlie  lioiglit  of  buflei-a  couitiioii  on  ronti- 
neiital  ronds.  In  order  to  miikc  tlm  new  flystcm  rouforni  to  the  old, 
it  i»  nper»iiary  to  lieud  up  the  silU,  lik'o  HleigU  runners,  to  the  height  rvqiil- 
sito  for  the  wnhal  stn>ke  of  bufl'ers.  Oil  those  Ameriean  rowdfi  wbort 
tlie  standard  of  buifer  height  is  30  inches,  this  a^lditional  expenM 
would  not  be  incitrrccl.  The  Easteni  railway  of  Fnincc  has  2f!of  theHecar- 
riages  in  constant  Berviee,  and  has  yet  to  diseover  uiiy  hiek  of  HttibiUty, 
The  main  boily  of  the  carriage  is  '2i  feet  4  inches  by  II  feet  '2  iiK^hes  wide 
The  sills  are  made  of  1-tieams,  the  postA  of  wood,  the  first  roof  beainti  u 
T-iron,  and  the  second  of  trough  iiiin.  The  outride  panelling  of  the  entire 
carriage,  as  well  us  tlnit  of  the  doors,  is  of  galvanised  sheet  iron;  iunidC 
sheathing  of  wood,  which  in  the  firstelass  compartments  is  covered  with 
cloth,  in  the  second  with  leather.  The  upholstering  conforms  to  tliQ 
rcqnirementu  of  thn  different  chiHscs.  The  laiiipa  an-  inserted  from  tlu 
side  instead  of  the  roof.  The  body  is  mounted  on  two  hammered  fkxlel 
4^  inches  in  diameter,  with  collarle^s  journals  tig  by  3j  iiu-bes  in  diam 
eter.  The  wheel  eentroa  are  of  wrought  iron,  and  to  them  tire-a  of  3 
inches  diameter  are  bolted.  The  pedestals  are  of  the  suiiiv  material, 
formed  afUT  the  continentid  jiattein.  In  these  fit  axle  l>oxei4  {losauisinj 
many  remarkable  featiii-es  They  ai-e  of  a  eylinilrieal  form,  6^  inches  ii 
diameter  and  bore«l  4J  inches  on  the  wheel  side,  (the  same  as  Uie  i 
diameter.)  From  that  end  to  the  fVont  of  the  bos  tbey  are  loceiued  a 
follows : 

First,  a  suitable  cavity,  in  which  arc  spning  leather  packing  gasketa 
second,  thi-  ri-cess  into  which  ai-o  placed  a  M-ric*  of  steel  rollers,  (4 
Inches  h>ng  by  |J;  inch  diameter,]  completely  enveloping  the  Jonrnnt  *ni 
bearing  agauist  the  smooth  interior  of  the  box.  Ltuigitudinally  the«4 
are  confined  by  two  brass  Jimmal  rings  IJ  inch  wide,  lM>red  the  « 
diameter  an  the  journal.  The  rollers  are  united  at  their  extremilJi»  bj 
a  siie^iessEnn  of  small-link  plates.  All  of  these  articles  are  entered  U| 
tlieir  plae«  ftom  the  IVont  of  the  box,  over  which  a  braas  cap  is  aneured 
on  thrt^ndii  cut  In  the  east  iron.  Tlie  cap  is  looke<l  by  a  pawl-catchf 
which  prevents  its  rotation.  The  thrust  of  the  axle  is  received  ou  i 
steel  pin  (IJ  inch  diameter  by  H  inches  long)  sei-eweil  in  llic  centre  o 
the  brass  cap,  being  held  to  ilM  work  by  u  loek-uiit>  and  bearing  on  i 
correFii>onding  pin  Inserted  iu  Ibe  end  of  the  axle  .|onninl,  thus  greatly 
rwluciug  the  thrust  friction.  The  journal  friction  is  converted  into  roll 
iDg  friction  by  mi-ans  of  the  stwl  mllers.  Below  the  Imx  is  east  a  celiac; 
from  which  the  rollers  lap  np  oil  conliiiiiously.    The  links  prevent  iJien 
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u  wearing  ridge*  in  the  soft  part*  of  the  bos.  It  will  merely  be  w- 
,  lu  |ws.si[i}r,  tlmt  tliU  system  of  employing  I'olljiig  frictiou  on  a 
BjonntHl  (KMKe»^e«  m:tiiy  mlvautages  over  tuiotlior  exliibitcd  in  tbc 
e  de|)Artuieiit.  In  the  latter  a  series  of  balls  are  uontiiieil  between 
b  ;>rcN)ve«l  i:iri-iilar  iilulej^ ;  the  top  pliite  is  fastened  rigidly  to  the  niiun 
ing,  the  lower  travels  on  a  ring  turned  on  the  axle  journal  im  well  nti 
e  ballH.  The  axle  is  txanHversely  guided  by  a  Bniall  loosely-atting 
I  eut4*red  in  the  p<^desUi!.  The  axle  boxes  of  Mr.  Vidard's  car  an*  Hur- 
mmnh-d  by  four  semi-i'lliptic  >«|>rirLgs.  Eurli  spring  is  eomposed  of  seven 
lei«-ps.'t  iii(rU(!swide,  two  J  inch  thiek,  and  five  of  ^  inch  thie.kni^^^;  span 
tf  iqiring  equal  to  six  feet.  The  brake  is  applied  from  the  interior  of  t  be 
B|i|»er  compartment,  ivhile  its  slaft"  passes  down  outride  of  the  car.  The 
lilglK'Kf  point  of  the  riHif  cfiiiuls  thirteen  feet  six  inches  from  the  rails ; 
Ikenniii  fiwt  Imanls,  ulong  which  Mio  guard  travels,  are  two  feet  from  t4ie 

I!,  The  e^npling  links  are  eoni[>ose4l  of  two  aba<'k]e8  iiiiitetl  by  »  right 
teft-tbriMidfd  bolt,  utter  the  plan  uuiversally  lulopttsl  uii  eonlinentnl 
nya,  and  whieh  contributes  sensibly  to  the  passengera'  ciunrort  by 
ys  keeping  the  biifi'crs  in  conta«'t,  preventing  thereby  sudden  »hoektj 
B  thv  train  i«  in  motion.  The  following eoiup»nitivet)ible,e.<ttmct«4l 
a  pnmphlet  issued  by  Mr.  Vidard,  clearly  sets  forth  most  of  the 
nvtoomlv  results)  to  be  denved  from  this  system: 

Comparatiee  table  ijf  railieay  carriage*. 
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•nee  it  ap[)eai-s.  that  witii  eight  earriages  weigliirig  120,000  pounds, 
B  »h\v  to  ti-uiiif|K)rt  us  numy  {Kissengerx  as  wouhl  formerly  require  a 
a  of  fineeii.  IteKidcs  u  saving  in  the  timt  rost  of  the  rolling  stoek, 
~xt»  the  transportation  with  a  dead  weight  of  only  UOO  |M)iiiidK  jii-r 
nser  ngainst  3^*0,  If  our  Amencau  system  issenitiuir-ed,  m:  iH'lievt? 
n  spiMiir  ihnt  few  roads  efl'txrt  their  transjKtrtHtion  with  less  liiaa  SOOjj 
joda  dead  wi'ight  per  passenger.    t>f  course  sleeping  eoov) 
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considered,  for  with  them  the  weight  frequently  reaches  twice  this  amount. 
It  is  problematic  whether  or  not  this  system  could  be  generalily  adopted 
in  the  United  States,  where  passengers  are  accustomed  to  so  great  lati- 
tude in  their  movements.  But  on  lines  converging  towards  large  cities, 
88  New  York,  Philadelphia,  St.  Louis,  &c.,  where  the  laboring  classes 
reside  within  a  radius  of  five  or  ten  miles,  it  could  be  made  to  them  a  great 
boon,  as  well  as  source  of  profit  to  the  railway  companies.  For  instance, 
where  the  companies  now  transport  120  passengers  in  two  cars  weighing 
60,000  pounds,  they  could  carry  240  passengers  in  three  cars  weighing 
45,000  pounds,  thus  keeping  the  actual  rolling  weight  at  about  the  same 
figure,  also  the  cost  of  transportation.  But  they  could  diminish  the  rate 
of  fare  to  them  fully  25  per  cent,  and  still  receive  50  per  cent,  in  excess 
of  their  gross  profits  from  the  120  passengers.  Cheaper  travel  would  be 
attended  by  its  legitimate  results — an  increase  of  those  who  would 
make  the  suburban  districts  their  homes — and  greatly  extend  the  business 
of  roads  adopting  so  liberal  a  policy. 

IRON  FRAMES  FOR  RAILWAY  CARRIAGES. 

As  at  home,  so  on  the  continent,  the  advantages  IK)ssessed  by  iron 
frames  for  railway  carriages  and  cars  over  those  of  wood  have  of  late 
been  universally  conceded.  The  superior  rigidity  thereby  imparted 
maintains  the  integrity  of  the  whole  fabric  and  throws  the  function  of 
elasticity  entirely  upon  the  springs,  instead  of  sharing  that  attribute 
between  the  main  sills  or  girders  and  the  springs.  Practice  seems 
divided  between  the  use  of  trough  and  I-beams.  The  I-beam  is  con- 
venient for  attaching  the  cross-framing  of  the  floor,  and  the  trough 
beam  for  a  secure  fastening  of  the  pedestals.  The  end  sill  or  buffer  is 
usually  of  hard  wood,  i>osts  of  the  same,  and  roof  beams  of  T-iron. 
Freight  ears  with  deep  sides  are  furnished  with  small  trough  beams  in 
lieu  of  stakes.  The  I-beams  of  carriages  30  feet  long  are  usually  rolled 
to  a  depth  of  0  inches,  with  heads  of  3J  inches  width. 

It  may  Ik*  of  interest  here,  to  note  the  progress  of  the  French  in  the 
general  manufacture  of  I-beams.  The  celebrated  house  of  Petin  H. 
Oaudet  &  Co.,  Rive  de  Gier,  Loire,  fiiniish  most  remarkable  samples. 
Each  l)eam  weighs  between  4,900  and  5,500  pounds,  and  shows  signs  of 
good  rolling.    Their  dimensions  are  given  in  the  subjoined  table : 

Gaudet  d'  CW«  rolled  I  beams. 


CIam  of  bvftin*. 


Lnifth  of  beam. 


I  tectloti 
I  •eetlon 
I  tret  ion 
I  •rctlon 
I  Mctkm 
I  Mclkw 
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BKSSEMUR  STEEL   PANELS. 

Bteone  (itticr  use  of  iioii  wliicli  setms  to  promiHc  sigtial  diiuinu* 
i»  wt'iglit  of  stmcturp  as  well  as  iiicreawtsl  (iiiiiil)ilitj'.  It  coo- 
I  fonniDg  all  Llie  panels  of  a  railway  coniuge  I'miii  lur;rf  Hlai'tit 
"f  gaivaaizetl  m>n,  attai'liiiig  the  same  by  scrvwH  to  ttit^  wouilcii  |>o8U, 
111  oiveriiig  tlie  joints  with  a  ueat  motilUing.  A  still  gmaUiv  rt'fine- 
III  IK  ix  tUe  eiiijiloyiiifut  of  Be»^mer  Htcol,  lut  shown  ou  a  firet-cliUM 
ifiiMfCO  111  tUc  FrcncU  annex.  These  plates  of  ^  of  an  ineb  in  thiek- 
ri-s*  «rv  of  large  area,  veiy  smoutU,  and  susceptible  of  a  good  finish 
.11  the  bands  of  the  painter.  The  general  effeet  of  this  piece  of  work- 
lunsbip  would  be  dilticidt  to  anrpaHs. 

AMERICAN   nOSPITAL   CAB. 

The  well-known  Arm  of  Wm.  Cuiumings  and  Son,  of  Jirsey  (.'ity, 

'■"m-  Jtrsey,  pxhibit  a  l)eautifullj-  exeented  model  of  an  Anieriuui  bos- 

[al  frar,  vouiplele  in  all  it^  appointments,  and  built  tut  ho  scale  ofone- 

i4imnt-r.    The  system  adopted  for  hanging  tlie  litters  is  clearly  shown, 

^^hadetuiUof  the  trucks  perfect.    The  patent  brake  of  Wm.  G.  Creamor, 

H^Bbted  to  the  platform,  is  t«o  generally  appi'eciaicd  to  require  comment. 

fi'if  nnat  t>e   confessed   that   the  system   of  axle-boxes  and    piHlestuls 

Denied  with  iHO.st  favor  on  our  railways  seems  minece^sarily  bulky 

nad  liviiv>  when  compared  with  many  sanctiuuiM]  by  foreign  praedce. 

ITiat  of  Mr.  Oelaunoy,  engineer  of  the  Sceaux  &  Orsay  railway,  France, 

may  In-  eitwl  among  others  as  cximbining  great  simplicity  and  com- 

|iiu-ttieMt,  witli  a  judicious  arrangement  of  the  parts  res[)ectiug  lubrica- 

Uon  uiid  tlie  effect  of  strains. 

STItEET  CAKS, 
,  .luho  Stephenson,  of  New  York,  has  sent  a  cur  built  for  the  India 
t  Bailway  Company.  The  nirnishiugs  are  made  with  special  rt^for- 
I  to  Ut«  tvciiiirements  of  the  climate,  and  the  roof  titled  with  two 
adinul  seato,  to  wtdeh  the  luu-ent  is  made  by  laitders  at  the 
utaes  of  the  car.  The  careful  selection  of  material  for  resisliog 
ftvnrioua  strains,  the  shaping  of  the  same  for  securing  the  greatest 
mgtli  with  the  miidmnm  quantity,  and  the  totJiI  absence  of  bnuw«, 
tiea,  &C..  aaveat  points  subject  to  severe  strains,  are  uhanictt^ist  le  fuatnnw 
in  the  euivt  produced  by  this  maker,  and  present  a  valid  claim  to  tfae> 
Mghfrit  reganl  as  models  of  their  chiss, 

PBKIGHT   L1AK8. 
•  employmenl  of  short  cars  mounted  on  four  wheels  for  the  trans 
tttttnn  of  fn-ight  is  wi-II-nfgh  nniversiU  in  KuKbiud  ami  France.     In 
jwrta  of  (jermany  the  freight  cars  are  inonnt^ed  ou  two  four-wheeled 
inieks  similar  tci  the  American  pattern.    The  praetlc^l  ltmH4lfji 
B  t*(  a  var  having  four  whwls  has  hitherto  been  ngnifi^^ 
>nt  of  tlie  parallelism  of  its  axhvt.  which  ciUlHeti 


itf  tlip  rails  on  HliRrp  r'iirvo«.     An  invention  uf  MitKsrx.  Uinirniqni 
Vidiird,  txliibitpil  in  tbi'  Frum-li  anues,  uliviiUen  this  (iiffl«u!ty  b 
allomnj^  cnch  axle  to  iMsunin  a  radial  ])ositton  villi  lut'crpnce  to  t]i 
<;nrv*t.    Tlieiirinciplp  of  coiistiuotion  is  rleaily  nliiiwn  In  lln-skotcliesol 
Plate  III,  Figs.  1,  '2,  and  3.    Tlie  etir  was  hnilt  l)j-  Messi-s,  (iniffan  &Co 
In  iSiUi.    Sinw  tlion  it  linjj  triiveli-d  I'outiunuiiKly  on  tlic  WoHt«ni  rail 
way  of  Fniiiw  (between  Paris  and  Havro)  with  an  nviTiigc  load  of  1 
touH.    It  has  alHo  madf  journeys  with  loads  of  IfJ  tons  on  furvea  of 
ft'et  radius,  working  with  pin-fect  rtgularity.    ItM  Kt'iuTul  dimenfiinn 
an?:  2(i  foet  by  S  feet  0  inclioH  wide;  13  feot  ti  inclioa  betwei^n  cciitrea 
axles.    The  wheelH  are  of  wrought  iron,  and  39  inches  in  diameter; 
weight  cquiils  14,500  punuds.    The  invt-utors  make  the  following 
parison  between  their  system  and  that  ui  general  praetiee: 


Old  If  •MU. 

x«.^ 

1     to                                                                                                                            IM. 
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♦30,00" 
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I^Voni  which  it  a]>pears  that  this  system  effects  the  passage  of  '27  pe 
eeot.  more  goods,  with  a  corresponding  di  i  iuiitioii  of  tiead  weight  ii 
rolling  «t<»ek,  and  a  reduclion  iu  first  cost  of  the  Imiu  ol'  about  .'i3  iK 
eent. 

CAH  OTEKCOMMLiNirATION. 

It  Is  curiims  to  uote  how  the  vaiious  principlei^  of  philo.'topliy  art 
iK^ing  luarsbaled  into  the  service  of  those  who  may  lune  ueeasion 
to  eoinuiuui(;:itJj  with  the  guards  of  railway  trains,  in  such  a  nioda 
rately  exciting  event  as  Uie  coup(J  taking  Qre  or  the  attack  of  an 
assassin.  Direct  application  to  the  engineer  under  sneh  circnmstanGea 
by  meanH  of  a  bell  rope  projierly  pmteoti^d,  is  apparently  i 
u  (lungoroiis  liberty.  1Ieue4.>  the  use  of  gaU'auic  butteries,  lights 
pneumaticidly  struck  bells,  &e.  In  the  English  department,  Mr.  W 
II.  Preece,  of  Southampton,  exhibits  a  system  of  electric 
which,  «n  far  as  concerns  the  traveler,  is  illastrated  by  the  model  showini 
the  inUrrior  of  a  coiiji^,  near  the  roof  of  which  ia  pU<;eil  a  clrcRlar  glaal 
plate  about  7  inchesdiunieti^r  covering  a  small  ring;  f^urrotiiidingthis  Arc 
iuserib(-d  the  following  direxitious:  "To  wnni  the  guard,  break  gUum  ant 
pull  the  ring.''  The  French  department  contiuns  tliret-  specimens  f»f  eleo 
trieal  iippnratUH  trontributeil  resi>ectividy  by  Messrs,  Prudhomme,  < 
PaiiM;  A.  Archnd  &  Co.,  of  the  same  city,  anil  the  Ka^t<^rn  liailway  i 
Frnuec;  also,  a  pneumatic  system.  The  latter  is  the  iuveuijou  of  Mr, 
Jolly,  t(l  Quai  ile  Gtx'uclle,  Paris,  and  is  showu  applied  (o  two  htghl>'  Itn 
ishwl  curs  manufaetunHl  by  Messrs.  Chevalier  Cheihis,  jr..  &  Vo.    Up« 


liis  (tyirtvHi  tlicn-  is  jiliicwl  in  tbo  ronf  of  oash  cmip^  a  siiiall  bniaa  i-yliii. 

di-r,  fn»a  odh  t^n<i  of  wliieli  coiiiiiiiuiicntiou  in  maintaineil  by  lead  im\kb 

aionf;  tlie  sidt^s  »tid  ttiidKr  the  cars,  (nibWr  tiil>e8  betweeu  inrH,)  with  a 

iiuTttfqtoDdiuK  cylinder  in  tiiu  Kuard  vau.    Thii  i-yliiidrre  in  the  cuiiixfts 

»n  fitted  wiLii  iii»t4)n8  having  handles  on  the  ends  ol'  tbu  pititon-rmls ;  a 

siiiral  sprlog  keeps  the  piston  at  the  ;)t/)B  end  of  the  cylinder.     In  the 

muni  vuii  the  spring  U-iids  to  keep  the  piston  awag  from  that  end,  and 

Ibr  pist«>ii-rod  i«iipiK>rt'S  hi>  eseapement  of  clo<ik-W(>rk amuiged  for iuipiu-t- 

lug  moliiHi  to  a  bellhatumer.    The  operation  is  simple:   tlie  passenger 

imlU  the  htuidJeof  the  conpt'  cylinder;  rai-efaction  of  the  air  witliin  tiike« 

•,  which  being  propagated  to  the  gmirtl-van  cylinder,  its  piston  yields 

[  bringm  the  eloek-work  immediately  into  action. 

I  Pi-ussia  and  Austria  the  cause  of  diHiculty  is  in  great  measure 

KtVtfil  by  carrying  the  jiartitioua  between  (^upet;  no  higher  than  the 

H  of  the  seatfi,  except  for  smoking  carriages.    The  backs  being  high, 

jl fiieht  OS  ^at  a  degree  of  seclusion  its  iu  a  box  eoupi-,  jet  with  the 

leg«^,  if  ufcesitary,  of  calling  in  assi»t4Uice  from  the  adjoining  com- 

partaient.     In  cases  of  lire,  the  giuird's  running-board  iiBbnls a  meantiof 

iwaiie,  a»  in  most  cases  the  iloor  fastening  on  one  side  or  the  oilier  is 

oni  aecnretl.     The  ase  of  snch  running- boards  nud  hand-rails-is  justly 

uiailt-  riinipaltJory  in  many  countries. 

RAILWAY    CABKIAGE    SPRIXr.S. 

It  in  an  interesting  fact,  iu  regard  to  steel  springs  for  railway  ear- 
nagos  and  wagons,  tliat  Prussia,  Austria,  and  Belgium  combine  the 
hiVKH  in  a  mauuer  not  yet  pmctised  iu  France.  Ouly  a  single  spring 
1>K|)arcd  on  this  priuci|ilc  can  be  found  iu  the  English  department, 
^uiuug  the  speciuieus  of  Messrs,  J.  Brown  and  Co,,  (limitetl,)  of  Shef- 
Si-W,  The  leaves  of  elliptic  and  semi  elliptic  springs  are  usually  bound 
UigethtT  by  means  of  a  central  strap  or  buckle  of  wrought  iron,  held  in 
[ilate  wilh  a  rivet,  or  by  indentations  in  the  buckle.  To  prevent  a 
!mns^  frw  motion  of  the  ends  of  the  leaves,  it  has  been  customary  to 
J'Tgi?  near  the  extremities  of  ejich  leaf  two  "slots"  aud  projei^tiug 
i'liis,  amuiging  them  in  such  a  manner  that  the  alots  and  pins  will 
iLiitJi  tlios(-  on  the  at^jacent  leaves.  The  new  systeni  consists  iu  roll- 
iuj;  the  spring  steel  with  a  single  central  corrugation,  thus  forming  on 
the  one  Mde  a  gi-*Mivf  {\-  inch  wide  by  ^  inch  deep,  and  on  the  other  a 
citm'»|Miniling  rili.  When  these  plat&s  are  cut  up  and  built  into  springs 
ibe>  ;>M- bound  by  u  Viucklc  iwwcll  as  a -,^  inch  central  rivet-.  It  is  evi- 
<L(-nl  that  the  action  of  the  leaves  is  not  impeded  in  a  tougitudinal 
ihoH-!  uni  while  perfectly  guided  in  a  tJansverse,  aud  one  would  naturally 
■  i.iii  iii>i.'  ihal  their  thickuesa  (on  a^-cnunt  ofinci-eased  depth)  might  in  a 
lie  rt^duced.  The  comigations  iu  no  way  interfere  with  the 
"  lis  or  hangers,  but  lire  caused  Ui  fade  away  near  the  extrciuitiett 
I  '  Ir'iives  to  which  the  attachments  are  mu^le.  Nearly  nil  the  rail- 
■  .ij«tiri»geasent  by  the  countries  mentioned  are  furnished  with  s|)riugs 
"I  tfai«  eharatttcr. 
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CAB  WHEELS. 
The  pmctict-  of  imtiunK  seems  much  cii\n<if<i  on  tlie  subject  of  th 
propur  mattTial  tor  car  wheels.  The  wpoiiglit-iron  whwl  in  aim 
excUisively  adhered  to  in  Eii};laiid,  Prance,  and  Pnissia;  whili^  Holluni 
and  Anstria  discover  features  worthy  of  attention  in  the  cast  in)it.  Th 
i  i:^neTal  [ti'ope.rties  of  tJit*  wruiit;ht-ir<)u  spoke  wh(.^d  are  familiar  ti)  all 
The  Society  of  Pmvidence,  {limited,)  whoae  office  in  at  1108  Qnai  Jemraii 
pes,  PariHtdisplayRpeciniensofrotledwroiiglit'irou  wheel  centers,  witJiou 
weld,  whose  nulial  set^tion  is  nimilar  t«  an  I-beam,  Upon  such  ceut«r 
the  tire  is  held  with  fonr  J-incli  rivets. 

The  Society  of  Mines  and  8tJ>el  Works,  Bocliiitn,  Pnissia,  oxhibita  i 
remai-kable  cast  of  wheeK  It  was  formed  by  stacking  the  flaskH  31 
wheels  high,  with  thehuha  in  contact,  and  then  pouring  in  crumble  sf«e 
ihmngh  a  side  runner.  Altbougb  this  eai^  wim  nindc  more  as  a  n 
of  curiosity,  it  is  quite  cuatwmary  with  this  company  to  nminge  thian  ii 
tiers  of  six  wheels  each,  and  thus  save  the  numerous  side  mniinn 
required  when  cast  singly,  Oue  swinging  of  thp  set  in  the  lathe  anftwen 
for  fa<;ing  up  all  the  trejuls  and  flanges.  These  wheels  haveasiogH 
plate  and  nve  40  inches  in  diameter, 

Mr.  Krnpp,  of  Essen,  Rhenish  Prussia,  is  also  exteu^Tely  engaged  in 
the  manufacture  of  east-st«el  wheels. 

Messrs.  De  Dietrich  &  Co.,  of  Niederbrouu,  BiLs-Khin,  send  two  n 
ple-s  of  thoir  oast  iron  ditubleplatB  chilled  wheals,  from  the  Utrecbl 
Foundry,  Ilollaud,  of  which  Messrs.  Kreuseinan  &  Vanden  Wall  Uaki 
are  the  proprietors.  There  are  four  wheels:  one  castiron  double-platf 
wheel  38  inches  diameter,  and  tliree  of  various  diametiTs,  having  each  nix 
ribbed  spokes. 

The  Austrian  eoutributiousare  by  A.  Ganz,  of  Ofen,  ITungary,and  Mr. 
Deiuii,  of  the  same  seutiou  of  country.  The  former  gentleman  is  th* 
moat  extensive  mannfacturer  in  Austria,  and  makes  a  double  plate 
wheel  Kimilar  in  design  to  that  known  in  America  as  the  "Snow  patent.^ 
Heexhibita  awheel  (No.  L',410)  38  inches  diameter  cost  in  18.">li,  which  h 
served  under  a  10-ton  four-wheeled  wagon  for  the  hwt  11  years.  The 
treivil  of  this  wheel  appears  in  exi^ellent  condition,  the  metal  close  graine<t 
without  signs  of  honey-combing.  The  director  gencnil  of  the  Anstriant, 
K.  V.  Stutv  Itailwuy  Society  certtUes  to  the  fact  of  this  wheel  having  mn 
50,0;i3  miles.  The  nr.v.l  o;i  which  those  whe^s  are  used  i^  410  miles  in 
leJigth,  and  pnrsufs  a  mmtheasterly  course  from  Vienna  through  ilan- 
gary.  In  respe«;t  to  climate  the  trial  i»  most  severe.  Tt*  meril-s  are  r«r- 
taiuly  apprwiiated  or  the  shop  unmher  w.iuld  mit  extend  as  high  »*' 
84,UiSl,  which  was  noticed  on  n  wheel  east  during  the  present  yew. 
The  wheels*,  an  uMual,  have  three  core  holes  in  tin*  baek.  The  only 
jieculiarily  about  these  boles  is  a  V  groove  cast  near  the  opening,  inu> 
which,  when  tlie  core  is  n-moved,  an  eighth  of  an  Inch  sheet-iron  dink  (»' 
ttpnutg.  Thi»  method  Is  employed  ou  whewU  designtnl  specially  for 
paiwenger  coaches,  nud  prevents  the  entnince  of  stonea,  which,  rattling 
witldn  a  wheel  of  so  large  diameter,  become  a  source  of  much  otmoyaiice. 


I'ORTABLE    AND    TRACTION     ENGINES— CKAXES 


AND  FOKGINGS. 


LllilXES — CRANBK— SlNCLB    F 

MMIT— ItolLKR   FUR    T)T(>! 

1    PUMU)  CllUOlMiS— L"SI>  E 


r.— ENGINES. 


[  A  growiDK  lirefrreiice  for  steaiii  tiver  tiiiiiiuat  in>wor  fur  a^irictiltural 

(■liuirly  sliowu  by  tbe  uiitiiliiT  iiiid  viiricty  of  triK^tioii  lUiO 

tbli;  ciigiuvs  ('xWl)it«>d  iu  tlit*  English,  Ficimii,  and  Itclffiiiii  di'part- 

No  viTj"  iiiitrkfd  iiovplties  aw  iioticfabk>  ujkjii  iuH[M>i-ling  tin- 

s,  bat  ratli«r  tJiL'  evidence  of  careful  «lndy  on  the  part  of  tin?  (U-wiBii- 

BI0  eSert  economic  use  of  ftiel  by  lueanH  uf  Htcaiii  Jin-kctiiig,  liuatcd 

idnu«>r,  cxpiuisiou  valves,  and  a  corrw-t  bulntu'inc  of  the  parts.     Iii 

1  the  tiianiiftH^tiirtuii  have  l>eeii  stiaiulated  by  eouipctitive  tiialn. 

loltfd  under  the  aiisi>ic«8  of  the  Uoyal  Agricultural  and  other  xoci«- 

yto  a  he-altliy  emulation,  resulting  iu  a  marked  elevation  of  tlie 

I  of  excelleuw.     Her  principal  uiauufaeturers  am  Mbhsck,  Arel> 

f  ft  Porter,  72  Cannon  street,  Loudon ;  Rausoaie»  &  Sims,  of  Ipxwich; 

InhB  Fowler  &  Co.,  of  LeeiU ;  Clayton  Shuttleworth  &  Co.,  of  Lineoln  ; 

ud  Mi-j48rK.  Huston  Proctor  &  Co.,  aliM  of  the  ftame  town.    The  tnu^tlou 

•^giae  of  MeiwrH.  Av<'iing  &  Porter  achieved  iu  the  park  the  feat  of 

ilrairlng  live  loaded  wagons  (weighing  thii-ty-five  tons)  up  a  gentle  an- 

ixm.    U»  workinau»hii)  is  of  thu  tirut  order,  ;tud  sut>erior  to  tJiat  of  it>i 

_nTOla. 

.  UarutoDies  &  ^iiims  t^xhibit  self-iuuving  an  well  as  portable 
One  of  the  latter  drives  a  nection  of  the  British  niuvhinery 
i«ut,  l>ut  rnocives  its  »t£ani  from  the  supply  boilers  without  the 
u  tfuUdiitg.  Under  oitlinary  eireuuu>Uuir«s  a  pressure  of  lot)  |K)unds 
u  lueh i0 eorrietl  In  ihe boiler;  the  cylinders  are  8  Inches  diain- 
rbjr  12  iut^hes  tttruke,  the  engine  s)>eed  llio  revolutions  jier  niinulj.-, 
f  developing  (under  a  full  loiui)  from  '^5  tv  30  horse-powor,  at  an 
B  of  :ii  piinoOs  of  coal  per  indieat«ii  horsepower.  Most  of  thie 
t  working  parts  are  made  of  case  hardened  iron  or  forged  from 
li  ftOfplKir  liealer  i»  placed  in  the  ebiiun<>y,  and  iudept'udent  expaO' 
I  nlvw  tin  the  biwk  of  the  main  valves.  The  forward  axle  of  their 
\ng  luigiue  is  munutvd  with  heuiispherie^illy  eoneaveand  convex 
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king-bolt  platew,  enabling  the  wheels  to  ndiipt  thfimaelvi's  to  the  inft 
qualities  of  a  roa<l  without  causiug  an  ineliuation  of  the  en^uo. 

Messrs.  Johu  Fowler  &  t!o.,  the  celebrated  manuCactiivers  of  ateami 
ploughing  machinery,  have  intrudiiced  au  important  improvement  in  tfa^ 
gearing  of  their  engines.  By  casting  all  the  driving  gears  of  steel,  thc^l 
do  away  with  exaggerate!  pi-oporiiiona  and  save  the  difficulties  expert 
enccd  through  frequent  breakage, 

A  differential-motion  device  is  the  main  featnre  in  the  engine  M 
Messrs.  Cla.vton,  Shuttleworth  &  Co.  It  enables  the  driving  wheels  tfl 
accommodate  themselvei^frtneof  strain  to  ahaq)  curves,  at  the  same  tinM) 
they  remnin  in  gear  and  receive  the  full  power  of  the  engine, 

Among  the  French  houses  of  note  may  be  mentioned :  Messrs.  J.  Fj 
Cail  &  Co.,  of  Paris;  F.  Calla,  54  Rue  Philippe  de  Girard,  Paris;  ao^ 
Hermann  Liuihapelle,  144  Hue  ilu  Faubourg  Poissonni^re.  Their  engiaeftH 
are  mounted  on  solid  bedplates  and  these  in  tura  bolted  to  the  boilers, 
in  place  of  the  direct  attachment  so  much  in  favor  among  British  mann- 
fa«turera.      Expansion  valves  and  other  retinements  are  quite  common. 

A  verj-  neat  road  engine  of  three  horse-power,  the  invention  of  Mr,', 
LarmaiiJat^iseshibitedbyA.  M.  Ed.  Viaune,  of  18  Rue  Dnuphine,  Par^ 
The  boiler  is  constructed  on  the  locomotive  principle  and  mounted  oil 
three  wheels,  the  pilot  sits  in  front  of  the  smoke  box,  while  the  engineer 
performs  bis  duties  from  a  foot  board  bebiiul  the  flre  twx.  The  design  of 
the  machinery  is  also  like  tliat  of  a  locomotive,  with  the  exception  that 
the  crank  shaft  wirriea  on  its  opposite  extremities  pinion  and  spur  wheels, 
gearing  with  corresponding  ones  on  the  main  wheel  shaft.  Aecordin^^ 
as  one  or  the  other  of  the  clutches  (which  transmits  the  motion  of  thea(H 
gears)  is  thrown  into  action,  the  speed  of  the  engine  is  increased  at 
diminished.  Two  parallel  levers  with  boxes  on  the  wheel  shatl,  extend 
beyond  the  back  seat  of  the  platform ;  they  carry  near  the  main  a 
counter  axle,  having  small  driving  wheels,  and  to  these  motitm  is 
imparted  by  an  endless  chain  over  pulleys  on  both  shafts.  It  followsJ 
that  when  the  extremities  of  the  levers  are  forced  down  (by  a  screw  ml 
the  end  of  the  caniage)  the  small  drivers  rest  upon  the  ground  and  the 
large  ones  become  elevated.  Foiir  degrees  of  velocity  result  from  this 
combination,  so  that  a  proper  siK-ed  for  ascending  grades  amy  be  readily 
selected.  On  an  ordinary  roa*l  t'l-om  6  to  10  miles  per  hour  is  considered 
the  engine's  average  speeil,  {when  loa<led,)  but  where  the  incline  equals 
1  in  150  the  small  wheels  must  be  thrown  into  action  and  the  speed  is 
reduced  to  about  two  and  a  half  miieH.  Tlie  quality  of  the  workmanship 
is  best  Judged  by  the  fact  that  this  engine  has  already  run  over  1,((00  miles 
without  Hie  slightest  rcjiiiir.  It  is  valued  at  41,600,  (gold.)  The  ease 
with  which  it  is  maiiipnlated.both  as  resi>ects  speed  and  direction,  com- 
bined with  the  comfort  and  security  aft'onleil,  strongly  recommend  the 
system  to  public  favor. 


IT.— CEANES. 

bslfttidt  France,  Bt'lgimii,  ami  Prussia  are  the  only  countries  contri- 
Ingeranes  tnihv  Kxxiositiiui.  Of  theso,  tlitre  are  six  Htjilioiiary.eiglit 
Jjle,  iHid  font  sfirproiioUiiig.  They  haveall  seen  service i>revion8  to 
Tlii>  [intilie  npeiiing  of  the  Inuhling,  ilimng  which  time  the  latler  class 
]'n)vi-il  tlieinselvea  of  special  benefit  by  (tarrying  lieav'j*  inacliiiiery  and 
liKNiiiiig  it  uiwin  prepared  foiindatiiuis.  They  will  aUo  ti^-tixt  in  remur- 
ri;:  ilic  same  at  the  clase  of  the  EsiHisitiun.  The  pi-ineipal  feature 
■'irlhy  of  noteiri  the  stationary  cranes  is  tlie  invention  of  Mr.  C.  Xenstadt, 
:i  Hue  de  Cliabml,  Paris,  lie  makes  iiae  of  a  phite  link  chain,  which, 
ii'tfftd  iif  winding  on  a  drnni  until  two  or  three  successive  layers  are 
'irmed,  merely  passes  three  quarters  of  the  distance  nrttund  a  pinion 
lijvmg  te<ith  entering  lietweeii  the  links,  and  is  then  discharged  into  a, 
i-i  on  the  eruiie  jiost.  The  diameter  of  a  pinion  for  a  enme  of  aix  Ions 
'  i|>acity  will  not  exceed  4  inches,  and  since  there  is  no  ponsibitity  of  the 
rbain  coiling  successively  on  the  pinion,  the  leverage  will  continue  the 
IT  when  the  weight  reaches  the  point  of  the  jib,  as  it  was  on  leaving 
ind.  Mr.  XeustJidt  also  counterbalances  the  hitndles  of  his  crane 
k  a  suitubte  casting.  He  exhibits  two  cranes,  otie  for  lifting  six  and 
Kotfaer  10  tuns.  This  system  will  prove  of  benefit  iu  the  construction 
ind  craues  for  heavy  weights,  also  in  positions  where  it  may  be  diSi- 
llo  plaice  a  drum  capable  of  carrying  a  long  chain. 

SISOLE  PIVOT  CEASES 
,  Haute  Viveaus  &  Co.,  of  Dammarie-siir  Saulx.  France,  send 
BFataKle  pivot  cranes  composeil  of  cast  and  wi-onght  iron,  one  limited 
K  lonn  and  the  others  10  tons  each.    By  them  the  principle  of  Mr. 
dt  la  followed,  but  with  tlie  use  of  straight  in!itea<l  of  plate  link 
Their  Jilw  are  elliptical  in   sc^ction  aud  formed  by  riveting 
iktv  1  toiler  plates  bent  with  the  proi>er  curvatnre.    The  "Sm-iety 
1  Fotimeaux  ile  Maabcuge"  exhibit  a  self  counteriwisiiig  jKirtable 
The  track  carrying  the  weighted  bos  rises  at  its  extremity  with 
>  rvsenibting  a  senii-i'.ycloid  and  overhangs  the  crane  car  to  the 
Htextent  as  the  Jib.    The  ■' faIl,"idtliough  double,  has  not  itsextremity 
1  at  the  end  of  the  Jib,  but  returns  uver  a  si-cond  sheave  tu  a 
I  at  Uw  extremity  of  tlie  counterpoise  track  arms,  over  which  it 
Kand  ia  ttevured  tn  the  ciunterpoise  weight.     By  this  arriingement 
iHBtcri>otse  is  made  bi  travel  out  on  its  track  arms  far  enough  to 
t  the  action  of  the  weight  raised  by  the  crane.    Jl  should  hi* 
I  in  this  disposition,  that  the  chain  is  continuous  over  nil  the 
),one  extn.'niity  being  fasti^meil  to  the  eounter-weight  Ih>m  ivliile 
Mbtir  U  secured  to  tlie  hoisting  drum.    In  like  manner,  when  the  time 
B  for  iHuding  the  Ina^I,  the  couuter]>oise  returns  to  a  posilion  near 
t  of  the  cmne,  thus  removing  at  the  same  time  all  weiglita  b 
D  destroy  thceipiilibrium. 
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chr]£tien's  portable  crane. 

The  most  novel  portable  crane  in  the  Exposition  is  the  invention  of  3Ir.  J. 
Chretien,  150  Boulevard  Eichard  Lenoir,  Paris,  Plate  III,  Figs.  4, 5,  and  6. 
In  place  of  double  cylinders  acting  on  gearing  with  link  valve  motions, 
&C.,  the  lower  extremity  of  his  crane  jib  is  a  steam  cylinder  about  14  inches 
bore  by  nine  feet  stroke.  The  cross-head  of  the  piston  rod  works  on  guides 
attached  to  the  inner  surfaces  of  the  two  I-beams  forming  the  remaining 
portion  of  the  jib.  Where  the  connecting  rod  would  properly  be  attached 
is  introduced  a  sheave  over  which  the  hoisting  chain  passes.  One  end 
of  this  chain  is  fastened  to  the  extremity  of  the  jib,  the  other,  having 
taken  one-half  a  turn  around  this  sheave,  runs  over  another  at  the  end  of 
the  jib  and  so  down  to  the  load.  The  combination,  therefore,  is  that  of 
a  single  movable  pulley,  in  which  the  weight  is  attached  to  the  fall,  and 
the  power  to  the  movable  pulley.  If  the  weight  must  be  raised  30  or  40 
feet,  as,  for  instance,  the  dumb-waiter  of  a  public  building,  the  length  df 
cylinder  need  not  be  altered,  but  the  cross-head  should  have  three  or  four 
sheaves  instead  of  one,  which  is  also  true  of  the  fixed  pulley.  Mr.  C 
exhibits  a  specimen  of  this  character  in  constant  service  at  the  restaurant 
of  the  *^  International  Circle  building."  On  the  side  of  the  pivot  opposite 
the  jib  is  a  trough  girder,  at  whose  extremity  the  boiler  is  attached. 
Within  this  gii-der  the  operator  stands,  for  firing,  gi>ing  steam  to  the 
jib  cylinder,  and  rotating  the  crane.  Its  sides  carry  tanks  for  water  and 
fuel.  Rotation  on  the  axis  is  produced  by  means  of  a  spur  wheel  fixed 
on  the  car  and  a  pinion,  whose  shaft  runs  up  the  side  of  the  giixler  to  a 
handwheel  connection  above.  A  pawl  attachment  is  made  at  the  end  of 
the  jib  to  the  sheave,  for  arresting  its  motion,  and  an  automatic  device 
secured  to  the  valve  for  reversing  the  same  if  by  accident  the  piston 
should  approach  too  near  either  head  of  the  cylinder.  This  style  of  crane 
is  rapid  and  perfectly  noiseless  in  its  action,  is  cheaply  fitted,  and  acts 
directly  on  the  load,  without  gearing  or  clutches  between  power  and 
weight. 

BRITISH  CRANES. 

The  cranes  of  Messrs.  Geo.  Russell  &  Co.  and  Alexander  Shanks  & 
Son,  of  Scotland,  similar  in  design,  are  limited  to  burdens  of  five  and  six 
tons  in  weights  Their  average  pressure  of  steam  is  60  pounds  [>er 
square  inch,  and  consumption  of  coal  about  50  pounds  i>er  hour. 

On  the  crane  of  Messrs.  Geo.  Russell  &  Co.  the  rotation  gear  is  actuated 
by  an  endless  chain  from  the  main  shaft,  tightened  with  an  idler  pulley, 
which  yields  in  the  event  of  the  jib  meeting  an  obstruction,  thus  sus- 
pending the  rotation. 

BOILER  FOR  THOMPSON'S  CRANE. 

Mr.  R.  W.  Thompson,  of  Edinburgh,  Scotland,  exhibits  a  portable  two- 
tons  crane  equipped  with  a  boiler  and  winding  engine  of  his  own  inven- 
tion. The  boiler  belongs  to  the  upright  tubular  class  constructed  with 
a  high  fire-box.   Its  tube  sheet  is  first  pierced  by  a  circle  of  tabes  near  the 
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mx  wftlls,  tlipii  by  the  flang:eti  (i[>eningof  aspbmcal  vessel,  depund- 

hfrom  th<*  alH-et  witbiu  tin*  niipir  portion  of  the  firebox.  The  watflr 
§10  ItoUer  freely  firvuliitos  witbiii  tin's  vessi'l,  whicli  is  dcsi^uetl  to  be 
biaiuHli'nni  generator,  and  delii-cts  witli 
mrfiuvall  the  flampsarisiiiB  from  thf  Are, 

.:.iinst  tliL' Bides  of  tlii>  fire-box.    Tlie  eii- 

:iii<-  in  willrtl  n  "diffi'ii-Titiftl  rotary."    It 

ihw  but  one  cylindiT,  [titnillel  to  wliow?  axis 

lies  »  nUiitt  witb   two  fixed   elliptie  i*iHir 

vlivcl-s  M>[>antted  by  ii  dixtaiicv  i^rcater  tliiiii 

i-juds  bi'twM-u  the  lieadH  of  tliB  cyliodcr 

<aw]  licjwl  as  ahowii  in  tlie  sketcli.    The 

I'jUniiei-  contains  four  closely  fitting  sector 

•ilotks   whose    combined    cubic    contents 

wjiiais  nearly  throe-qiiarttTs  that  of  the 

cyiiiwlcr.     Two  of  these  blocks  are  rigidly 

attai'liiil   In   a  diamotml   line  Ui  h  sboi-t 

shaft  pn^siDg  tliroiig)i  only  one  lieiid  of  llu- 

"teiHn  cylinder,  the  other  two  similarly  w  iih 

a  Ahalt  passing  out  tlirougti  the  opposite 
Both  of  these  short  shafts  cany  eUi|i- 
qiiir  whwls  which  gear  with  those  on 
pumllcl  Shalt.    The  effect  pro 

ilnrwl  by  these  elliptic  Hpnrs   (if  the  fly 

"bwl  is  turned  by  hand)  is  that  of  causing 

i«u  tliumetral  sides  of  the  sectors  on  the 

"w  shall  lo  )i|)pronch  two  on  the  other, 

"Ml  having  almost  rCA^died  their  line  of       Boiler  lor  Tbompcon'i  Ctuie. 

■'«ito*'t  a  rctrognule  motion  begins.     While  rotation  of  the  sectors  goeM  ^ 

"II  nilbin  the  stciim  cylinder,  they  continue  the  independent  motions  ut' 

■'"iUiiliiig  to  and  fW).     In  regulating  the  steam  supply  these  sector 

"iiN'Jis  jwt  as  valves  for  the  two  steam  and  two  exhaust  ports  in  the  cyl. 

i'llT.     til  other  i-espects  Mr.  Thoui|i(kni's  crane  does  not  differ  muterinlly 

'■'■•<in  other  portid^le  articles  of  the  same  class. 
Tile  four  si^'lfpn>pclling  cranes  are  the  workmanship  of  Messrs.  Stothort 

■■■  i'itt,  Bath;  Appleby  Bros.,  Ijondon;  Jaraea Taylor  &  Co.,  Birkenhead ; 

'id    the    Belgian   Manufacturing  Co.    Their  hoisting  jHiwers   range 

■!^ifn  five  and  six  Ions.  Two  of  them  are  arranged  for  niising  ani] 
1  ibeir  jibs  by  jMiiver,  a  useful  feature  in  the  accuniU^  loinUiun  of 
I  ides.  Double  cylinders  and  link  motions  arc  common  tu  oU, 
"ini  duiclies  take  the  plu<'e  of  those  having  teeth.  The  craue 
Slotheil  &  Pitt  is  spwially  worthy  of  ijote  IVoni  the  simpUi-ity 
ling  cnmhination.  in  which  resjMH-t  it  greatly  e 
1  by  the  Belgian  Maniifm-turing  ('oinpany.  The  chain  of  ihe^ 
pany's  crane  is  arningcd  npou  the  system  of  Mr.  Neunladl. 
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HYDRAULIC  HOIST. 

In  addition  to  the  applications  of  manual  and  steam  power  for  rais- 
ing weights,  hydraulic  force  has  its  representatives  in  two  platform 
elevators,  designed  by  Mr.  Leon  fidoux,  of  Paris,  for  carrying  visit- 
ors from  the  floor  to  the  roof  of  the  main  building.  Each  platform 
is  inclosed  by  a  wire  cage  and  furnished  with  seats  for  twelve  passengers. 
They  are  guided  in  their  ascent  by  eight  hollow  cast-iron  columns  and 
counterbalanced  by  as  many  weights  within,  to  which  they  are  at- 
tached by  chains.  The  two  rams  (each  9J  inches  external  diameter) 
are  made  in  joints  of  cast  iron  screwed  together;  they  each  fit  cylinders 
98  feet  in  length,  which  are  sunk  in  the  ground.  When  the 
platform  reaches  the  landing  stage  near  the  roof  69  feet  of  the 
ram  tube  has  left  the  forcing  cylinder ;  its  surplus  length  steadies  the 
amount  then  in  the  air.  The  motive  power  is  said  to  be  that  of  the  city 
of  Paris  water  pressure,  or  45  pounds  i>er  square  inch.  If  allowed 
to  act  with  fidl  force  it  accomplishes  the  ascent  of  the  platform  in  75 
seconds,  its  descent  in  55.  Although  these  two  elevators  are  the  only 
working  illustmtions  of  the  principle,  its  adaptability  to  iron  smelting 
furnaces,  railway  freight  stations,  &c.,  is  clearly  shown  by  drawings 
adorning  the  neighboring  walls. 

III.— FORGI^"G. 

STEAM  HAMMERS. 

Tlie  complete  revolution  which  has  taken  place  in  the  manufac- 
ture of  steel  has  developed  tools  capable  of  working  large  ingots 
into  shafts,  plate^  &c.  Hammers  suitable  for  drawing  down  iron 
are  found  totally  inadequate  to  the  demands  of  steel,  which  must  be 
workeil  at  much  lower  temperature  and  with  increased  rapidity.  For 
large  steam  hammers  of  the  ordinary  construction,  a  solid  firm  founda- 
tion nearly  equals  the  first  cost  of  the  tool,  and  even  when  laid  is  of 
doubtful  iiermanenee.  Messrs.  Thwaites  &  Carbutt,  of  Bradford,  England, 
exhibit  a  most  interesting  set  of  models,  drawings,  and  photographs  of 
hammers^  designed  by  Mr.  Ramsbottom  for  overcoming  these  difficulties. 
Their  analysis,  however,  lies  in  the  province  of  another  committee.  Messrs. 
Tliwaites  &  Carbutt  have  greatly  improved  their  own  steam  hammers  by 
the  substitution  of  wrought  for  cast  iron  in  the  standiunds.  Their  work- 
manship is  of  the  finest  character;  all  holes  are  drilled  and  reamed  to  iit 
exactly  the  rivets  they  receive  and  the  edges  of  the  platt^s  are  carefully 
planetl.  They  exhibit  the  drawings  of  a  hammer  just  jKitented  which 
gi\'es  fair  pn>mise  of  success-  On  opposite  sides  of  its  an\il  block  are 
sunk  two  vertical  cylinders  whose  covers  are  flush  with  the  forge  floor; 
tlieir  piston  trunks  rise  to  a  point  higher  than  the  facv  of  the  anvil  where 
they  are  rigidly  fastened  to  a  heavy  horiiontal  rnv»i  he«id  carrying  the 
bammcr  Imid  proper  on  its  under  side,  yet  virtiuilly  the  doss-head. 
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Bka,  aiid  thU  head  (?oinbitietl,  form  tlie  hanim«.'r.  The  vulvi'  timtioti 
b  uraugiHi  that  both  cyliuderK  rec^eive  aiid  exhuuHt  Htc»m  ut.  Ilit^  saiae 
■autM.  It  will  l>e  observed  tliat  ttie  [lUton  aifiis  foi'  tbe  dnwii  tttroke 
■nnluc^l  by  tlit'  ureas  of  tlie  tt-iiiiks.    The  pnlteniH  I'oi-  a  lininiiier  of 

■  deocriittioii  are  |)r<>|>ariii(r;  its  merits,  UieroforCi  will  Im- discoverotl 
mn  many  muiitb^. 

h  thii  Uolpaii  deiiartniput  Mr.  Auguste  Detyiiibay,  of  Mnn-int'lle. 
Ubit«  a  ti-n-toiw  slwini  hammer  with  caHt-inin  forked  stAiidaitU  boltwl 
nlurge  oblou^  U-d  |ilate.  Each  gtaiidurd  bil'arcAtes  at  tb<>  iH-ud, 
■ere  breakage  usually  •.vccurs.)  aiid  by  its  improvi^d  proiMitious  incivast'S 
■Ntrent^b  of  that  weak  iiotiit  as  well  m  a^ldiiij*  materially  to  tbe  sta- 
Ry  of  tlie  maehiiie ;  the  standanla  are  rared,  forming  box  l)eain8.  This 
EnngeRieut,  however,  reduceet  the  ixxim  available  ai'oaiid  the  anvil  for 
P  nuuiipnlation  of  large  forginjrs,  and  in  this  resiiwt  isnot  iw  deKlmble 
Rlie  wnMight-iroD  sybtein  adopted  by  English  niannfaelmvi-n. 
BSnr  the  hammer  jiwt  iiieiifiimed  Btaiids  cmo  built  by  Lneicn  &  Co.,  of 
puneU<  f'onde,  which  m  double  act  ion  in  the  distribution  of  the  steam, 
Mhaituti  antoiiiatie  hand  motiuti.  The  c-ast-iron  sttindards  have  the 
pw  teetioti  as  an  1  beam  and  bolt  to  a  binl  plate  iude|>endent  of  the 
fall  bhx'k.  It  is  rated  at  three-tons  hammer  an<l  ret'ominetided  for 
htstuider  twelve  iiielies  in  diameter. 

Bbe  Ht4^utu  hammer  of  Messrs.  VaiTull,  KIwell  &  Poulot,  0  Avenue 
■dainc,  Paris,  has  a  single  box-beam  staudard  bolted  to  the  same  bed 
■te  as  the  anvil  bliK-k.  It  is  automiitie,  also  double-aeting  when 
Biirttd.  The  valve  Is  u{>emted  by  bel!  eranks  eouueeted  with  levers 
B  wwIgc-shaiKii  "dogs"  against  whieb  it  roller  on  a  short  stud  in  the 
■duct  bewl  pnwse-s,  when  the  head  reaches  either  extremity  of  ita 
mk».  The  urrangemeat  scarcely  admits  of  an  expluuutitiu  without 
nriete  drawings. 

I  PRKSSED    POBGINGS. 

vor  the  many  intrieate  sbai>es  into  which  it  is  neeessary  to  forfj^e 
Ruglit  in>M  the  hydraulic  pi'ess  is  becoming  tin  iudisiieusable  appa- 
■u  to  the  large  shops  uf  UrtMvt  Brttaiu  aud  the  <^«ntineut.  At  the 
■don  exhibition  of  lSii2  there  vas  iutnxlnced  by  the  Austrian  So- 
nr  of  State  Uailways  a  jmwerful  machine  of  this  cJianu-ter  designed 
rUw  rapid  forging  of  piston  spiders,  eross-heads,  wheel  centers,  &t: 

■  nachine  wtu  invented  by  Mr.T.  Ilttswull,  manager  of  the  company's 
mauk  mucfaine  shops.  It^  pressurt^  capacity  was  S4i)  tons,  and  ]wx- 
Bed  it«  work  with  iwrtwt  satisfaction.  Tiie  details  of  the  pn-ss  arc 
priy  Hbuwn  by  the  w-couipanying  illustrations,  (l*Iale  IV,  Figs.  1, 
bd  3.)  To  the  present  Kxpositton  tlie  eumpiiny  liave  only  sent  sani- 
Hof  thm  Work  iieiforaied  by  tln^ir  machine.  Among  these  are  a  bfiX' 
BBd  liOCOiaoi.i\t> eJYiss-lie.iid,  two  diiviug  axle  l>»xe«4, one  pist>m  spider, 
Hsenuik  nst«.  llieeross-hend  has  a  so<-ket  punched  in  it,  (for  i-oeeiv- 
H|lw  pnd  of  tlH>  connecting  nxl,)  which  is  n  inches  loiu^H|^a 
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jiu')M>iii  widp  liy  U  inches  deep,  iilso  n  boss  for  the  piston  rod  and  it4 
key;  the  dies  have  RiK^resHfiilly  I'orined  theoUioriiiei|iiiilitie»  on  the  blocfe 
a»  j!;roovfw  for  giiidet*,  &('. 

Mr.  F.  A.  Kfj:ell8,  of  lierliii,  eshil»itj(  a  large  i>rt's«  (built  from  I 
drawings  of  Mr.  Ilat^n-ell)  which  has  iMH!n  stirvitM.^  during  the  nine  niouthl 
previouM  to  its  departiirp.  1I<>  vaUics  thia  invna  at  $4,400,  (gold.)  Th» 
cylinder  has  a  steam  jacket  with  mahogany  lagging,  the  rastingH  are  nvU, 
pro|mrtioned.  Iheir  finish  workntiinlikt>. 

By  fur  the  finest  display  of  pressed  wheel  forgings  are  tliose  of  JU 
L.  Arbc!  DcHawiiMix  Bros.  &  Peillon,  of  Rivo  de  Gier,  Loire.  Thell 
wheels  are  nine  in  nnuilK-r,  varying  in  8iz«  fmm  'M  inches  to  I 
tW-t  (t  inehi-M  diameter.  Those  designee)  for  locomotive  nsd  have  tba 
dead  weigtit»and1ia»Hespres«^-d  on  during  their  nmnufuirtnre.  ThrongtL 
lack  of  actual  (■nntl^^^t  between  the  died  '*flna"  are  always  formt-d  on  the^ 
forgings,  but  these  seldom  exceed  in  tliicknens  one  eighth  of  an  incli  for 
wlieelw  of  niffllirat**  diameter. 

The  wouomy  of  press  forging«  is  strikingly  Hp))nrent  in  the  mnuttftvc- 
ture  of  dmwhooks  for  vnn,  buffer  plates  ou  the  eiidn  of  stems,  fixtttres 
for  brakes,  &c.  Samples  of  such  articles  are  exhibited  by  Mr,  Delletrea, 
senior,  51  Avenue  d'Eylau,  Paris,  and  Messrs.  Constant  Bros.,  of  Ivry, 
Seine. 

Tlie  Messrs.  Riissery  &  Lareombe,  of  Rivo  de  Gier,  Ixiire,  employ  tbo 
hydranlie  invBs  in  the  manufacture  of  locomotive  crank  axlis*.  They 
illustrate  the  method  by  whic^li  the  pressure  is  applied  with  two  sample 
axles.  One  of  these  shows  the  elfeet  of  jiressure  exerted  on  three  points 
of  a  straight  shaft,  by  which  means  a  rough-shaped  erank  is  iTusIie<l 
down;  the  other,  the  transforming  effect  of  powerful  dies  in  moulding 
the  i-ough  crank  to  the  onllMary  form.  Tlie  EnstiTii  and  Westeiii  rail- 
ways of  Fnmec  are  among  the  largest  cnsl^muTS  of  this  firm. 

UAVIES'S   rSITBRSAl,  BTQIKEIt. 

For  gcncnil   fiuiithy  puriioses  no  tool  will  be  found  so  ncceptuble  ( 

^■'g-  &-  the  universal  striker  cxlub- 

ite<l  l.y  Mr,   I).  Itaviea,  of 

Crumlin,     near    Xewport, 

England,  (Figs.  5,  6,and7.) 

It    jMissesses  rare   novelty 

and  hiut  but  recently  boeo 

,  reduced  to   a  perfeetly  sim. 

pie  practical  form.    Oueo 

these  ma<>hines  gives   «n« 

ploymejit  to  eight  Hre8,dia 

I)euses  with  a  gang  of  help- 

ei-s,  and  jirodmx's  tlio  for 

giugs  for  one-third  the  ot 

UftviM't  UDirerul  Striker.  diliar>-   Cost;    at  Die  Anina 
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I  it  ooeupipit  but  oiie-((uart<T  of  the  aita  iiwiiiUy  letjiiirpcl.  The 
■  tK  workwl  directly  by  Bt«!iin,  ami  witli  its  cylimlpr,  ateam 
'K-nl,  &<■-.  in  Rioiintecl  in  a  horizontal  cylindricnl  casing  ou  to])  of  a 
>  Oniilli-  mlniiiii.  TUiHcolnniu  has  a  range  of  four  feot,  thnmgh  whk-h  it 
.11  twi«'  Ihr  hammer  to  suit  the  wnik.  Tlie  horizotiUl  (■.vlliidrieal 
i-ing  in  ni«t  with  leetli  iironml  it«  e<l{^  into  whirh  ii  piuioii  mexhes  and 
-  i<iwrate>d  with  a  hand  nlioel.  Ity  this  nifans  tlio  ini-li nation  of  the 
'■■•v  is  a4-<'oinnioihitcd  I<i  the  fnrgini;  of  ubliijiie  surfueeft,  as  in  Fig.  5. 
^  f'lot  Iftver  in  front  of  the  anvil,  sve  Pig.  0.  t'oniiet'tw  with  tht  throttle 
""i  places  the  adiiussion  of  the  steam  entirely  uuder  tlie  control  of  tlic 


Davlra-i  Uoivrrul  i^trik.^i-  «::u.i,. 
^BttAm  mill  exIiaiMt  ]>a»!«ige-t of  thi!«nit|)amtii!i  nn.'  jill  (fiifiviIiiiiH-^ 
nOttix  Ikiwis  and  in  no  way  interfere  with  either  the  rot^ 
ttal  eyUndernrthat  of  the  eolnmii.     Henee.  anomd  l^d 
T swage  lilfK-ksoranvilKouany  of  which  work  lanVft 


■•%>.. 


nirFTMl  Slrlkai— ptsD 


Fig.  B. 


PABIS  UNITERSAIi  EXPOSITION. 

while  the  others  are  in  stTvice,  see  Fig.  7,  thus  8a\'ing  the  time  Drdiii) 
rily  coosniued  in  llie  (change  of  swages  and  fastening  of  tlio  work.  O 
account  of  itx  (iiiiek,  rapid  motioi 
it  in  more  ofliineiit  than  hand  labo 
in  welding  together  jiliteA,  whici 
when  forged  l>,y  il  require  no  ecarf 
"ing.  It  can  hviitlly  fail  to  biicum 
an  iuensdispubii-  tool  iu  all  shops- 

i  STKAM  OLIVER. 

;  B.  &  8.  JraM.st'y,  of  ManirhMt^e 
'  exhil)tt  H  Ht«-ain  olivcr,  witli  Hi»eici 
menu  of  its  work.  'Die  liamnie 
handle  has  a  llxed  fnli-r 
uppofiite  exti-cmity  of  the  niachiui 
to  the  anvil,  and  is  grasped  uild 
way  by  the  forked  pisUm  i-od  of  u 
oHuillating  cylinder.  Tiiii^  eyliudo 
pie  slide  valve  operated  by  »  foot  luvor  esteuding  to  tho  fron 
of  the  machine,  and  so  cnnntei 
wt'iglited  that  the  hammer  will  a 
ways  rise  Irom  the  anvil  when  thea 
is  no  pressure  on  the  lever.  Tb 
woiking  parts  ai-e  suitably  prote*;t« 
irom  iron  mmlm  and  arranged  to 
rciicwjil  when  worn  out.  The  mi 
1  liiiie  (Kicujnes  an  area  of  only  th« 
[.it  seven  inches  hy  two  fe«t, andt 
^['•'cially  iidtipted  to  the  wants  c 
)iiilt  mannfactiirers  and  cai-  bufli 
rvA.  ]t»  eoii»truetioii  is  Indieat^Hl  t 
Vis.  S. 

The  forging  of  threads  on  wof 
;*iii-\vslias  !«'en  practised  in  Frnno 
\\  illi  iniieh  Biiecesfi.  Messrs.  August 
.Iiibert  Brothers,  ..f  CharlBvUIe,  A 
dennes,  exhibit  in  their  caoe  i 
"  general  fiiriiishing"  three  bolts  fo 
armor'{ii:n>'<^.  I  ti>'  iii;iiiiirji' with  which  riiey  l>erform  thin  work  (l>eing  Mia 
ogousto  the  Kyder  forging  machine)  in  fitted  with  top  and  Wttom  8wiigt 
tu  miitcli  the  desired  thread.  The  i>oiiit  of  tiie  beutcil  IkiII  is  ini«erte 
iM'lween  these  swages,  which  rapidly  form  the  threails;  it  in  then  fe 
along  with  a  eonst.int  motion  of  roljition,  being  guided  by  the  Inwg 
swagv  until  the  ihread  Is  perfecleii  the  prot>er  diKtance.  The  f|iiAUty  < 
llie  bolts  thnu  product^d  Is  so  miiiili  superior  to  those  rnt  eold  with  (ItM 
that  thcHc  gentlismen  recuive  twenty  per  ueut,  inoru  fur  their  work  tbaJ 
pthvrs  an'  able  to  eommoud. 
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ESDLE88  BAND  SAW  FtlB   IRON. 

the  invGDtioit  of  the  etidli-xH  band  saw  by  Mr.  I.  L.  Periii,  ot  67 

irg  St.  AnUiiiie,  Paria,  and  ifs  eutiy  iu  llifl  Exposition  uf  1855, 

drculitr  plutti  wtw  has  hvvn  rii|>ii]ly  loosing;  gmimd  in  jmblic,  estima- 

>ii,  Ml  tlmt  ut  prpacnt  every  c^iiiitiy  in  Europe  is  represented  by  finely 

iwliett  samples  of  tiiese  wood-cnttiug  UttAs.    In  France  it  liiiH  been 

i|iiilied  til  ivory,  nnd  in  Great  Britain  to  iron.    The  latter  a^lnptation 

.!'>  ftrst  made  hyOolonel  Clerk,  at  Woolwich.    In  the  war  deportment 

iiiiH-T  are  si»eclmen8  pi-oving  bis  ^jreat  sucuess.    The  first  one  is  an 

'  '      1' :iii»piriil(ul'tlirue  turns)  ont  froma  blocki>tnc1iesm]iiareby6 

1 1  \ckiiG!is.    Tho  si'<>(md  is  mount^K)  in  a  glass  case  on  a  rnd  velvet 

■  I  ;iih1  is  composed  of  a  crown  on  cither  side  of  which  are  the 

.,.1.     \\.  D."  below  the  words  "fioyal  Camuge  I>e|iai'tment,  1807.'* 

Tb™-  miv  [tawed  fi-om  a  plate  of  iron  one  incbin  thiitkneus.    The  letters 

«!■  i|iiili'  iirtiRticully  esornted,  and  tin;  siiwed  »nrfaoes  smooth.     The 

'■tI"rit'iR-c  iif  llio  department  leatls  them  to  r(^>coinuiend  a  8i)ee(l  of  WO  feet 

I'tniiiintc  for  a  band  saw  cutting  1-iuchii'on  plates.    The  teeth  uf  their 

-  I'l  j  ore  M-t  and  filed  straight,  having  10  to  the  inch,  the  width  is  -^  of 
:i  mch.     Tliuy  use  the  hardest  saw  steel  that  can  be  obtJiined  and  with 

linuid  water  as  a  lubricant  run  the  saw  for  four  or  five  hours  without 
' -iqiejiiiig ;  the  hitter  operation  retjiiireshalf  an  honr  for  itscom|iletion. 

tif  cnrved  line  can  be  cnt  in  plates  of  the  above  tUickness  with  a  feed 
1 1*  inch  (HT  minute.  By  this  system  very  little  waste  of  material  is 
"  rim'd  an«l  the  sawed  snrfaees  are  so  smooth  that  they  require  but 

-  i;;ht  after- finishing.  It  may  not  be  iuappropriat<.>  to  not^  that  previous 
"  'olontd  Clerk's  experiments  with  the  baud  saw,  Mr.  Krnpp  used  the  nir- 
i';ir  (taw  for  cutting  out  his  steel  crank  axles,  lubricated  with  soap  and 

<  .iUT,  aitd  foiuid  the  expedii^nt  so  much  more  e<^onoinica]  than  reductiou 
'i  *  alotCiiig  machine  that  he  han  ciintiTined  the  practiix). 


CHAPTER   III. 

STEAM    GENERATORS. 

New  boilers— Howard's  and  Belleville's  boiler— Boiler  of  Messrs.  Edward 
Green  &  Son— Imbekt  &,  Co/s  horizontal  and  tubular  boiler— The  Exposi- 
tion SUPPLY— Boiler  fixtures — ^Thierry's  fuel  economizer— Berendorf*s 
BOILER  tubes— Green's  fuel  economizer. 

I.— FEW  BOILEES. 

It  is  quite  evident  from  an  examination  of  the  boilers  recently  invent-ed 
that  the  aim  of  their  constructors  has  been  greater  security  against 
explosion  and  ability  to  carry  steam  at  a  higher  than  ordinary  pressure. 
They  are  naturally  divided  into  two  classes  by  the  materials  which  pre- 
dominate in  their  construction,  viz:  wrought  or  cast  iron.  In  all, 
the  primary  object  is  to  subdivide  the  mass  of  the  water  acted  upon  by 
the  flame,  thus  rendering  an  explosion  local,  and  not  such  as  would 
shatter  the  whole  fabric.  The  ones  claiming  particular  attention  are : 
First,  those  composed  of  a  series  of  lap- welded  tubes,  as  exhibited  by 
Messrs.  J.  &  F.  Howard,  Bedford,  England,  and  I.  Belle\ille  &  Co.,  No.  6 
Avenue  Trudaine,  Paris ;  second,  the  cast-iron  boiler  of  Messrs.  Ed. 
Green  &  Son,  14  St.  Ann  Square,  Manchester ;  and  third,  the  rivetless 
boiler  of  Messrs.  Eugene  Imbert  &  Co.,  of  St.  Charmond,  France. 

HOWAED'S  and  BELLEVILLE'S  BOILEB. 

The  boiler  of  the  first  makers  combines  fifty-four  vertical  tubes  and 
assists  in  supplying  steam  to  the  British  machinery  department.  The 
tubes  with  their  connections  stand  in  a  chamber  of  brick  work  immedi- 
ately beyond  the  furnace,  which  is  built  of  fire  bricks  and  shaped  as 
shown  in  Plate  V,  Figs.  1  and  2. 

The  products  of  combustion  freely  circulate  among  the  tubes,  and  hav- 
ing passed  through  a  return  flue  below  the  chamber,  where  the  lower 
extremities  of  the  tubes  reduce  the  remaining  heat  to  a  temperature 
of  about  250O  Fahrenheit,  they  escape  into  the  stack.  The  tubes  are  cut 
from  wrought  iron  pipes  7  inches  diameter,  J  of  an  inch  in  thickness,  with 
a  length  of  5  feet.  One  end  of  each  is  closed  by  welding  on  a  wrought-iron 
disk.  Six  or  eight  of  these  tubes  are  then  placed  in  row  and  have  their  open 
ends  stepped  in  as  many  grooves  cast  around  the  openings  in  the  horizon- 
tal pipe,  the  latter,  it  will  be  seen,  forms  a  means  of  intercommunication 
for  the  tubes  in  a  row.  When  thus  placed  a  gland  ring  and  rubber  gasket 
are  slipped  over  each  tube  and  drawn  firmly  down  to  the  cast-iron  pipe 
by  two  bolts  whose  heads  are  let  into  sockets  cast  on  the  sides  of  the 
pipe.    It  will  be  observed  that  these  pipes  unite  at  diagonally  opposite 
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ioriMTS  and  lie  in  the  same  IiimToiital  plane  with  tlie  nnion  plates  wliieh 

it  nil  llnti}|^'»  rnt«t  along  tiii-ir  m\c*.    Tliew  iilales  form  U»-  division 

>b  tliv  rumbiuttiou  cliamlier  and  tlie  lower  litK-,  cspi>siiigtli<^  ujiiwr 

I  of  tbc  cast-iron  tiibvn   to  tlit;   {irudiiuts  of  cumUui^tion  in  tliu 

mhcr,  thutr  lowor  half  to  thust^  in  tliu  Hue.     Int^)  the  head  of  each 

t-inm  tiib*^'  is  scrowed  im  inrh  nipplu  six  iuithes  in  leuf^b,  a  traus- 

p  tobe  (carries  the  steam  received  llii-oush  these  nipples  to  a  long 

n  pijw  which  serves  the  pn^ww  of  a  steam  dome.     From  the  top 

0  chamber  (which   nsta  iuiniediatcly  on  the  top?  of  the  tiilx-s)  hang 

ivcrae  oiirtain  ptnt^B  for  comi>ellins  the  products  of  eomhiistinn  to 

tair  rn^ar  the  lower  extremities  of  the  tubes  that  othcrwiae  would 

vAr  the  rtwf  of  the  chamber  and  t^m  higldy  stiperlieat  the  steam. 

s  of  tubes  also  are  so  arranged  that  the  currents  of  heated  gas 

t  eoastaiitl.v  eauNeil  to  impinge  against  the  tubes  and  pursue  a  sinnouN 

-  t*i  the  flue.    There  remain.s  but  one  essential  feature  of  the 

r  to  be  (lej!icribi!il,  viz :  the  maintenance  of  the  cireidation.    This  is 

DpIUbed  by  standing  a  short  tube  of  small  diameter  within  each 

;lit'iron  tube  having  its  lower  extrt^ndty  serrated  for  the  free  pas- 

«f  the  witter  and  its  ui)|>er  extending  to  a  point  below  the  projier 

r  level.    The  effect  of  these  tabes  is  to  secure  the  partieles  of  water 

1  the  a.-tion  of  tlu-lH-nIoii  those  williout  their --.urfjie.-,  Iliereby 

fcMiaiUshing  wat<T  eoluiiuis  oI'dim-iH-nt  <h-i>nili>-s  wlioserlioris  r.M'i|i]alize 

I-Hdl  Otlier  devclojie  eonst^iiil  .■iirr.-iits.      In  liie   evrut  ..I  ;iii   ;ir.'i.leiit  to 

ly  of  the  tubiis  tlit!  removal  is  reiulily  aceomplished  tlirougli  the  top  of 

•  rbaiiiber  wirhont  atl'i-cting  the  others.    Their  vertical  position  faeili- 

1  tohw  lh«  rwplil  ewji|K!  of  the  st^-iim  panicles,  while  their  companttively 

n  shells  oiler  a  ready  passai^e  to  the  calorie  for  the  speedy  generation 

e  steam.     In  firing  thesi.'  lioilers  a  pressan;  of  75  iMuinds  |K;rs<{uan- 

i  isusiiallj'prtKluci-d  in  twenty  minutes  n'ith220iK)undsof  fuel.    The 

r  in  which  tiie  heated  chamber  iiichtsf's  the  steam  iiortiiuLi  of  the 

i  i»  fiivoi-ahle  for  the  juixhu'lion  of  slightly  sapejheated  steam. 

I,  J.  &  F.  IJowanI  give  the  following  as  Ihei-esults  of  eNperlmeuts 

Klactcd  with  a  "  Coriiif*h"  and  "safety  boiler"  phuvd  side  by  side,  of 

L>  Domiiml  horiM'-power  under  the  same  eoinlitions. 


tumults  of  vcperimeiif*  trith  the  Cornish  and  sa/etg  boHer 

t    ._ 

Ttm. 

CMl   tn-  1      W*Wr 

Bfm. 

CM              ail. 
13)                 «M 

'FA 

MO 

of  1,^1  pouiida  has  been  {nit  on  one  of  these  boilers  m^ 
ftulieatious  of  leakage  or  rupture :  the  biu'Nting  pivssumo 


rpAElS   LS1VER8AL 

lubeH  is  about  2,000  pnnnds  per  aqotim  iiicli,  but  tliey  are  only  eialyected  t 
a  hydraulic  test  of  uOO  pouiitU  pm*  si{iLare  inch.  One  iuiportaat  cms 
Kidcrat'ioa  in  boilers  of  like  constTUctiou  in  tbf  fact  that  the  water  leve 
has  with  safety  a  wide  ruiige ;  iuottiiul  of  being  limited  to  a  few  iiicli« 
it  may  recede  more  than  a  foot  without  dauger.  It  is  natural  t«  supttoM 
that  a  system  of  Bcrapers  with  these  tubes  would  l>e  found  iM^oeflcial 
«ven  if  made  to  travel  slower  than  those  of  MeANrn.  ICtl.  Ureeii  &  Bon 
they  woiitrl  stiti  be  conducive  of  iiioi'e  i>erfect  lieat  absorption  and  leav 
le»9  for  nuliation  from  the  brick  work  of  a  long  Hue.  Kngineera  whi 
have  had  the  pleasure  of  transporting  (within  the  last  few  years)  any  o 
the  immense  boiterit  that  have  crossed  the  plains  for  Colonkilo  and  Mod 
tjina  Territnries  cannot  fail  to  recognize,  among  other  a(lviintagi?»,  thi 
extreme  poititbility  imssessed  by  this  Itoiler, 
Fin.  0. 


Th*  boiler  of  Messrs.  I.  Belleville  &  i'o.,  like  the  foregoing,  is  c 
poned  of  wnmght-irou  lap-welded  tubca,  bat  of  much  smaller  dlainclcr, 
and  Hrmuged  in  a  horizoutiU  sttiek  oveT  thefiiniiWM>.    Mr.  11.  hiutstudicd 
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t  sabfect  of  iioti-<?xt>Iti9<.ivi-  steam  gi-ticnvtora  siiioe  tlic  year  1850  Jind  is 
r  t>eiii(C  rewur(li.-(t  with  tliu  gotienil  adoptiou  of  his  boilurs  by  tbv 
:  nmniif)it;lm-iuR  compatiies  of  Fniiiw,  an  well  as  the  uai>erial 
?.  Uin  coin  hi  nation  compriBes  a  unmlKT  of  tubes,  having  an 
imal  iliunu'tcr  of  two  aiul  thretvfoiii-tba  to  tliiv^  and  oiu-fourth 
(,  cut  to  u  cerUiiii  k-iigth,  an<l  with  tUn^mU  clju^fd  on  each  of  their 
Tlifsp  tubi-«  Hi-L>  luiilvd  in  a  8fri«s  of  hons^ontul  luyvrs  by  u  spe- 
"rt-tnrn  btmil,"  but  differing  fVom  tlie  comnn-rcial  avticio  by 
ig,  in  the  Itack  of  each,  two  sniall  hand-hole  platt-n  for  a^wsa  to  tho 
rior  of  t)ie  tul>eR.  The  Inyerx  of  tnlies  tbna  united  ovm*  eiu^h  otlitr 
D  ■M'rieHof  foUbt,  tlie  firitt  tint)  laxt  hiyer  of  which  t«nninatt<on  thf 
They  fiitor  two  wroiiglit-irou  boxes,  nmall  in  set^tion  but  in 
[i  etgnal  to  the  widtli  of  a  fold.  The  bosea  are  eulle^l  "  eollectors ;" 
ives  the  feeil-wator,  while  the  upper  one  contains  the  T- 
1  ejttremity  of  the  steam  pipe,  which  is  perforated  witli  sniallholett 
b)  prevent  luiming.  Thin  combination  of  piping  is  inclosed  witliin 
iHiilabii.-  walls,  an  sliown  in  Fig.  U.  The  water  spiu'-v  eompitnid  to  the 
Hrani  nwni  bears  nbout  tbe  r»tio  of  onv  to  two;  tiie  object  of  this  Is 
lo  saltji'ct  as  little  water  aa  i>o8sible  at  one  time  to  the  action  of  the 
IUuii-.s;  the  qinuitity  being  small  renders  an  automatic  feed  essi'ntlal. 
3ir.  It.  ae<-ompli.slies  this  by  siisjiending  a  drum  outside  of  the  boiler 
nrjir  the  wiittT  line  and  plncing  a  tlo.it  in  the  same  which  aeta  on  the 
ralri^  of  the  ftH'd  pump.  A  top  and  bottt^im  pipe  connection  between 
tills  dnini  and  tlie  boiler  maintainH  a  uniform  pressure  within  tbe  drnm. 
Tbe  stenm,  after  lenving  tbe  collector,  enters  a  dome  on  top  of  the  boiler, 
vtiere  it  is  obli^d  to  paiis  under  a  diitphragm  plater  and  dcjiosit  any 
crit  or  impurity  it  may  contain  l>efore  it  enters  tbe  engine  cylinder.  As 
tbf  Fi-entdi  law  of  IS-W  is  very  stringent  in  the  event  «»f  an  iiccident 
^>ni  »M  explosion,  it  fs  not  surprising  that  such  a  Itotler  whose  seimrity 
^  guaranteed  hhoitld  meet  with  [lopular  favor.  On  the  transport  La 
fieniie  and  dispatch  boat  vVrgua  tbe  u»aal  evap<mition  of  these  boilers 
is  eight  piunids  of  water  per  pound  of  coal.  Their  comiia<rt  (rompass 
wid  excM-diiig  lightness  stnmgly  recommend  them  for  "  steam  lunnch  " 
buabh 

BOILER  OF  ni>.   GBEEJf   «.-  HON. 

Mejssns.  Kd.  (Ireen  &  Sou's  boiler  is  mside  entirely  of  east  iron.     It  is 

"OinpoMHl  of  a  series  of  hollow  forus«>A  or  ringH,  whose  shortest  diameter 

a  three  feet,  and  diameter  of  a  right  section  aboat  ten  incbivi.     Flanges 

oiNinntH-tionn are  east  at  the  qnatlnint  poiuts,on  the  outer  cinmnt- 

I  of  eucli  foruH ;  u  cap  is  boltei)  on  those  flaugns  that  will  stainl 

in  the  eombination,  while  the  otiier  two  are  iMilUtI  lo  pijK-s. 

■  one  of  these  pipes  is  sU|»porteil  by  sa<ldl<'«  wbii'b  giM-   it  mi 

I  liko  the  keel  of  a  vessel  on  the  storks.     Upon  openings  in 

e  flange  of  each  fonts  is  bolt«il  until  tliey  form  a  rov 
«  piiw  like  tbe  ril>s  of  a  vessel  on  its  keel.    Tl: 
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pipe  is  bolted  to  the  remaining  top  flanges.  Looking  at  the  combina- 
tion in  the  direction  of  the  pipes  a  cylindrical  opening  three  feet  in 
diameter  is  left,  their  full  length,  at  one  end  of  which  grate  bars  are 
supported.  The  whole  is  arched  in  with  flre-brick ;  the  radios  of  this 
arch  being  three  inches  greater  than  that  of  a  forus,  permits  a  free  cir- 
culation of  the  products  of  combustion.  A  cast-iron  front  closes  the 
fiimace  extremity,  the  opposite  connects  with  the  chimney.  The  lower 
cast  iron  pipe  receives  the  feed- water;  it  is  also  used  for  the  blow-off*. 
The  upper  connects  with  a  third,  forming  the  steam  dome.  Each  foms 
stands  so  perfectly  distinct  that  the  products  of  combustion  are  at 
liberty  to  circulate  around  them  and  rise  to  the  under  side  of  the  arch. 
No  provision  seems  to  have  been  contemplated  for  preventing  their 
passage  solely  along  the  arch  and  consequently  their  too  rapid  escape. 
It  is  claimed  in  addition  to  the  great  strength  of  this  combination  that 
the  expansion  and  contraction  of  the  foruses  will  tend  to  keep  them  free 
of  scale.  The  existence  of  four  openings  in  each  forus  adds  greatly  to 
the  probability  of  these  castings  being  uniform  in  their  thickness  by 
preventing  the  possibility  of  the  core  floating  in  the  molten  metal,  and 
admits  of  a  semi-revolution  of  the  piece  after  a  long  exposure  to  the 
flames. 

raUERT  &  CO.'S  HORIZONTAL  TUBULAR  BOILER. 

The  boiler  of  Messrs.  Eugene  Imbert  &  Co.  is  of  the  horizontiil  tubular 
class,  having  a  cylindrical  furnace  introduced  through  one  head ;  its 
novelty  lies  in  the  total  absence  of  rivets.  The  dimensions  of  the  shell 
are  three  feet  one  and  one-fourth  inch  in  diameter  by  nine  feet  six  inches 
long ;  of  the  fire-box,  twenty -three  inches  diameter  by  four  feet  three 
inches  long,  both  of  which  parts  are  welded  and  form  one  piece ;  the 
steam  dome  twenty  inches  diameter  by  two  feet  high  is  also  a  single 
piece,  flanged  and  fastened  to  the  shell  with  tap  bolts.  Total  heating 
surface  is  IG2  square  feet,  and  government  pressure  stamp  150  pounds 
l)er  square  inch.  The  grate  bars,  bearers,  bridge-wall,  and  furnace  door 
are  arranged  for  withdrawal  en  masse.  In  welding  the  heads  to  the  cylin- 
drical portion  of  the  boiler,  there  appears  first  to  have  been  formed  a 
small  rib  on  the  inner  surface  a  short  distance  from  the  edges ;  after  the 
heads  were  entered  against  these  ribs  the  lips  were  worked  down  until 
a  i>erfect  weld  was  produced.  As  a  piece  of  workmanship  this  boiler 
is  very  remarkable,  and  dispels  all  doubt  in  the  mind  of  an  observer 
as  to  the  possibility  of  working  iron  to  any  required  shape. 

The  only  process  exhibited  for  burning  the  vapors  of  iietroleum  mixed 
with  air  in  the  tubes  of  a  boiler,  is  the  invention  of  Mr.  A.  L^v6que,  6 
Rue  St.  Foy,  Paris,  and  is  located  in  one  of  the  annexes. 

THE  EXPOSITION  SUPPLY. 

All  boilers  that  render  active  service  are  excluded  from  the  grand 
building  and  have  had  suitaUe  places  assigned  them  in  the  park.    The 


di'parttnviit  i)nin*fl  its  iiiaiti  supply  of  Htvum  from  threi<  Imilers 
itl  by  Mujwrs.  \V.  &  .J,  tlalloway  &  Son,  of  Maneliester.  Tbcy 
built  from  Ibe  same  drawings  and  are  collectively  rated  at  138 
se  power.  The  type  ia  that  of  the  Coniisb  tubular,  with  a 
'vlindrir»l  nitcll  two-thirds  of  whose  surt'noe  i»  etivriHed  by  liHck-work. 
-h  boiler  U  six  feet  and  six  inches  in  diauiett'r  by  twenty-four  fwt  in 
i::tlinmi  funiishH  with  the  pat^Mit  coiiiuiltlue  tiibe»of  the  tirm.  Tliu 
'  Ifiw  are  uo\'ered  with  S|»onepr'8  "nou-conductiug  eoni position,"  (a 
\  Hire  of  vegetable  and  mineral  nnl)»t)tuce!<  with  the  ivaidue  of  refined 
"t  Ih'tT  oil,)  which  is  claimed  to  be  mora  durable  than  felt  and  to  be 
'  Ti  uotnliimtible. 

Tlie  ;\jnerie;tn  departnietit  ilniws  its  supply  from  u  hoilw  exhibited  by 
'.  JuleM  Leeherf,  of  3S  liue  du  Graiul  Baleou,  Paris;  it  in  built  ou 
■uiX  is  cuiuniouly  known  as  the  French  principle. 
n>e  departments  of  France  and  Belgium  are  furnished  witb  steam 
I'u  l4ie  boilers  of  Itteasrs.  Tenbrinck  &  Bonnet,  13  Rtie  Servaudou, 
'  'ria;  Meunier  &  Co.,  Lille;  and  L.  Voaaivifere,  of  Lyona.  The  boilers 
I  tlie  Kn*t  makers  consist  of  three  shells  nrrangetl  ou  the  French  prinei- 
'.  with  the  single  difierence  that  the  lower  Hbeltit  are  only  co-exteiisive 
oiii  thelt-nglbof  the  grate.  Tbepmdnctaof  combustion  having  passed 
tmOw  and  over  tlie  upjier  shell,  escape  from  a  side  opi-niug  into  a  brick 
donilter  enclosing  three  heater  tubem,  and  away  by  a  flue  near  the 
pwuid  intu  the  ohininey.  Their  heating  surface  equals  OSO  and  grate 
-iirfsce.^  square  feet.  Messrs.  Meunier  &  Co,  funiish  plain  cylindrical 
"ii-rs  whose  fire-boxes  are  of  cast  steol;  the  products  of  combustion, 
'iirenw.'iing  a  bridge  wall,  travel  through  the  tubes  to  a  back  conuec> 
I'lW,  afterward.'*  by  two  n-tam  [tassages  under  the  Iwiler  to  the  chimney. 
^  two  bnilerof  Mr.  Vassivi^re  are  resjieetively  iO  and  5U  nominal  horse- 
{■■Ter.  They  are  gmirau'teed  to  eva|>orate  between  eight  and  a  half  and 
nine  pounds  of  water  jier  pound  of  coal ;  their  heating  surfaces  are  GiM 
uul  "10  siiuare  feet,  working  pressure  00  p()aiids  per  stiuure  inch. 

II.— BOiLKR  FIXTURES. 

In  the  de|>artiuent  of  boiler  attachments  and  fixtures  it  is  observable 

'iat  neurly  all  safety-valves  are  niatle  double;  ou  long  boilers  one  is 

'.wT?d  near  each  end  of  the  same.    Besides  glass  water-gaiigea  metallic 

.tf.  are  iiM'd ;  their  st«>m8  trip  the  valves  of  small  whistles  when  the 

,r,T  n-i»<-bi'»  too  low  a  level.    There  are  two  generally  ajiproveil  ways 

■;    I'Tiig  tile  actiud  level  by  the  stems.    Tlnit  of  the  celebrated 

i[i,  Mr.  E.  Bourdon,  is  to  move  a  lever  attached  to  the  stem, 

■  inity  records  the  height  over  a  graduated  scale,  while  Mr. 

:  I  men,  secures  to  th«  float  stem  an  L  shaped  bar  magnet,  sec 

iig.  7.    The  attraction  of  the  magnet  point,  exert^'d  lliniii;;h 

ill-  ujwn  a  piece  of  soft,  iion  wire,  causes  the  same  tc*  roll  i 

I  h'*  (iiee  of  the  dial  as  the  volume  of  water  is  inereaae^l 

I.    The  advantage  of  thia  8jTrt«m  lies  in  the  freedom  of  nio 
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allowed  tbe  stem  of  the  floiit ;  Iiaving  no  parkings,  it  is  impossible  for  it 
to  rust  fast  iii  its  Iwaiings.  The  French  exhibit  several  aiitonmtic bnilef 
fceilers  in  their  aunex,  but  none  as  well  worth,v  of  attentinn  as  that  of 
Mr.  G.  A.  Riwlel,  of  Pliihulelpliia,  which  preserves  the  water  level  at 
a  nniforrn  liei^lit,  aiid  vastly  increases  the  Becurity  of  boilers  agai&at 
exidusion.  I'iite  connections,  suclt  as  T-joints,  ci'osses,  elbows,  &c.,  an 
made  of  wrought  instead  of  malleable  iron,  and  present  a  neat  finished 
apiH-arnuce.  Among  the  ]>roininent  exhibitors  mv  Messrs.  Lloyd  & 
Lloyd,  of  litrmiii^'liam,  and  Gandillot  &  Company,  '22  Kiie  Clause),  Paris. 

THIERRY'S  FUEL  ECOHOMIZER. 

Tlic  subject  of  successful  fuel  conibnstion  as  obtained  by  a  limited 
PI     j^  escape  of  steam  within  thA 

furna<re  of  a  boiler  has  me 
a  practical  solution  by  thi 
^^^^^m^  invention  of  Mr.  Thierry,  a 
^^^^"^^S  ^**'  ^^ibourR  St.  Denis.    Ho 
'''!^Tj  F'T^tr"""  — —  "--^^^  places  witliin  a  boiler  for-- 
e  nace  and  over  the  door 
=  hnrizoufal  pipe  having  con- 
icctiona     with    the    steam 
dome.      Several  holes  one- 
sixteenth  of  an  inch  in  di- 
ameter  ate    drilled   in  thia 
pipe,  and  so  located  that  the 
escaping  steam  will  be  pro- 
Tliii:Trj'»  Fuel  Ecouomlser.  jeeted  into  the  fiunace,  to< 

which  a  suiUcient  quantity  of  air  is  admitted  through  a  damper  in  the 
furnace  door.  Mr.  Thierry  has  introduced  his  "  economizer  "  in  Eng- 
land, Austria,  Spain,  Portugalf 
Turkey,  Italy,  Belgium,  and  iit 
all  instances  guarantees  a  sav* 
iiij;  of  from  eight  to  twelve  pw 
firit.  Mr.  Grandi>errin,  of  Itt 
Kill'  lie  Chareuton,  aims  atthtt 
>i\\w  result  *vith  his  iiiveotioa; 
lir  ilisinaiMcs  will)  iln-  liorizoutal 
lii]ii',  and  si'ivws  in  through Uie 
iihitf.s  of  the  water  space  an 
lipiatus  aha|)ed  like  a  conical 
I  -ilu'l!.  Thia  is  formed  with  twffi 
■  cases  which  divide  tba 
Tliierrj's  Fuel  EcoDomber-wciion,  interior    into    three    compart- 

meiits,  the  central  one  of  which   opens   to  the    atmosphere  od  oni 
extremity,  while  aiiiall  pipes  piercing  the  other  spaces  form  channela 


fcr  tbr  air  to  tlio  fnrnii 
inniir  »ltvU  bus  a  piiH>  v 
tnbrti  with  the  fiirnact'. 
water  frtwly  (rirrnlnti!«. 


cc.    The  first  annular  »i>a<'e  siuroiiniling  tliis 

i>niHH'ti(Hi  with  till-  stc-iui)  ilumt  am]  bj  small 

ThrmiKh  the  sei-ond  auiinliir  space  the  but 

A  shell  for  a  boiler  uf  KKI  harse  power  is  about 


Ihi'  iiichv-t  in  diainekT,  with  IB  (^j-inch)  steam  jets  autl  U  (fiiicli)  air 
>  ■1"  inttTinin^lttl  iin  the  upper  siirtiu'-e  of  tU«  shell,     Hui-h  a  diniKimtion 

r  ihe  linlejt  fllls  Ihe  iipperpiirtof  tli(>  lire-box  with  heated  air  and  stt-am, 

iL-iend  of  pmjectiiif:  Hie  same  dirertlj  over  the  lire. 

BERE»DOBP''B  BOILBB  TITIES. 

Mr.  Uereiidorf,  of  294  Rue  Mniiffetard,  exhibits  a  system  for  entering 
[iitremuving  the  tubes  of  boilers.  He  brazes  acooieal  thimble  on  the 
'  itiemities  of  eaeh  tnl>e,  ai»i  ilraws  tlieui  into  the  holes  of  the  tube 
-lu'el<«  by  meati»k  of  ti  iiiitted  bar  aud  two  steel  cnps:  one  eap  presses 
lily  III!  Ihe  tube.  Ihe  other  on  Ihe  oppoait*  tube  sheet.  Their  removal 
Fig.  la. 


Beiendoif' «  Boiler  Tubes. 

HcAteted  with  equal  faeility  by  simply  rever.sing  Ihe  eaps  before  apply- 

n  pressure.    Messrs.  Farftott  &  Sons  bolt  the  beads  of  their  eylin- 

J  tmikTs  lo  the  Rhells,  ami  are  able  at  any  time  to  remove  the  entire 

e  tabes  tuid  heads  with  but  little  difficulty.     lu  the  Fi-enoh  depart' 

t  is  exhibited  by  K.  Mourdou,  Est].,  74  Fanl>ourg  dn  Temple,  I'arM,  a 

I  gnage  designed  for  regi»teriug  pressure  {during  all  hours  of  the 

•liir)  with  a  pooeil  u{iou  a  pasteboard  eurd  enused  tu  rotate  by  clock- 

iirk.     Radial  lines  on  the  card  represent  the  houniand  tlieir  fraetional 

:jt»,  while  coueentrie  cinrles  show  the  varying  degrees  of  pressure, 

!  aiipiiratna  of  Ihis  de.scription  ean  render  very  ii*nlnable  servieo  in 

".\\  trials  of  engiueH  and  boilers.      If  priority  of  invention 

I  •leiiient  in  the  elassifiuation,  it.  cuuhl  readily  be  pmved  that 

'!  the  ;il>ove  til  the  AmericHU   department  would  be  nppropri 

><•    iiianouieters  of    Messrs.  Hchiiffer  &  Budeii 
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Magdeburg,  Pnvssia,  is  an  ai)paratiia  for  registering  prossores  of  1 
600  atmo»plipr(j8,  Tills  is  accompliabed  with  a  KicIianVs  indicator,  having 
ft  small  piston  and  puweii'ul  spring.  A  motion  of  rotation  is  imparted  b>' 
internal  clock-work  to  the  card-paper  drum ;  on  the  paper  a  ]>eucil  traces 
a  pressure  line  during  the  continuance  of  the  force  and  the  action  of  the 
olock-vork.  From  this  caitl  the  meau  daily  pressure  is  deduced  and  the 
times  when  the  greatest  pressure  was  exerted. 

queen's  FITEL  ECONOMIZEH. 
The  boilers  supplying  steam  to  the  British  department  are  furnished 
witli  Green's  patent  "fuel  economizer."  Plate  V,  Fig.  3.  This  simple 
and  efficacious  apparatus  for  supplying  boilers  with  feed-water  of  a 
high  temperature  is  now  reported  as  app1ic<l  to  823,000  horse-power  in 
Great  BrlUiiu,  Russia,  France  and  Prussia.  The  title  of  the  firm  is 
Messrs.  Edward  Green  &  Sou,  14  St.  Ann  square,  Manchester.  It  is 
many  years  since  Mr.  Green  tirst  conceived  tlie  idea  of  keeping  con- 
stantly clear,  by  means  of  ascending  and  descending  external  scrapers, 
a  series  of  feed  water  pipes  placed  vertically  in  the  flue  between  doilers 
and  theu'  chimney.  P^e^'ious  experimenters  had  failed  to  extract  in 
any  marked  degree  the  heat  from  the  products  of  combustion,  simply 
because  they  ignored  the  fact  that  the  soot  constantly  dejtosit^d  on  feed- 
water  pii}es  forms  a  most  perfect  uon-couductor.  Since  the  discovery  he 
has  developed  improved  apparatus  for  ojwrating  the  scraiHirs  and  supe- 
rior methods  of  mecbauical  detail  in  fitting  the  pipes.  At  the  present 
time  he  possesses  a  well-nigb  jierfected  invention  which,  ui>on  the  con- 
current testimony  of  the  principal  manufacturers  in  Great  Britain, 
eftfects  a  iwsitive  saving  in  fuel  consumption  of  I'O  per  cent,  and  delivers 
feed-water  with  a  temperature  varying  from  240°  to  270°  Fahrenheit. 
In  the  British  annex  Mr,  Green  exhibits  a  combination  of  36  pipes 
{occupying  a  space  six  feet  long  by  two  feet  three  inches  wide  by  seven 
feet  ten  inches  in  height.)  By  means  of  these  dimensions  and  the  accom- 
patijing  figure  on  PI.  V.  the  details  of  the  construction  may  be  most 
readily  understood. 

The  cast-iron  pijies  are  four  and  one-half  inches  extenial  diameter, 
and  arrangcfl  in  four  rows  of  nine  each ;  the  distance  between  those  in 
row  is  three  and  one-half  inches  and  that  between  rows  is  two  and  three- 
fourth  inches.  The  pipes  in  row  have  all  their  upper  extremities,  uuited 
by  horizontal  pipes,  their  lower  by  pipes  parallel  to  the  same.  The  hori- 
zontal pipes  are  closed  on  two  of  their  diagonal  extremities,  and  opeu  on 
the  other  two  for  the  reception  and  delivery  pipes  of  the  feed-water. 
Before  uniting  the  system  of  piping  the  fitting  portions  arc  all  turned 
and  bored  with  a  slight  t«iH>r  and  finally  forced  together  by  powerful 
machinery  expressly  designed  for  the  purpose.  Two  vertical  scrapers  of 
cast-iron  bear  agniust  the  opposite  sides  of  each  pipe,  in  the  same  man- 
ner that  a  pawl  rests  against  a  ratchet-wheel.  One  extremity  of  each 
scraper  expands  into  a  semicircular  bla<ie  and  embi-aces  one-half  the 
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jnniPpTPiic*  of  the  pipe;  the  other  cxtrt'iiiity  huniltf  asi-son  n<.<nHt'irun 

Tliis  bur  is  hiiiif;  horinoutally  hetweeii  the  mwH  of  piiws  and 

i-Mi'ihIh  the  k-itgth  of  the  row,    Attavlit-d  Ui  its  upper  siu-nure  and  at 

rittlil  KtifTlos  to  its  dtivi^tiou  urv  UH  many  pins,  (one  inch  diaiueli>r  by 

tnrlve  iuohes  Ion;;.)  plus  one,  as  there  aretulies  in  the  row.    These  pins 

r.'ra  the  axes  on  whicli  lhi>  si-riiperd  freply  vibrate dmiu^ the  iwiient  aiid 

(L'scent  of  the  bar.     Ir  stioiihl  be  observed  that  the  swrapers,  on  m^Hsouut 

't  rheir  poHiiion  on  the  npper  side  of  the  bur  and  inclination  towanU 

i:i*  iii|»e.s,  have  a  tetidt^ncy  to  bear  more  flrmly  against  them  diu-inKtlic 

"lilt  of  tlie  bar  than  in  the  reverse  motion.     EitebT-bar  tluisarriin^Ml 

irriiii  the  scrapers  for  the  two  rowdof  pipeo  at  its  sides,  and  a  suRleieot 

'"^iriiiK  affainst  the  pipes  is  given  to  the  l)ar  for  the  preservation  of  itH 

Niriiouta)   ]>osition  durin];  motion.     Kaeh  set  of  two  bars  is  connected 

'v!i  chain  passing  over  a  chain  pulley  mount4;d  outside  and  above  the 

t^iinoinizer."   This  chain  is  of  auiih  a  length,  that  when  one  l)ar  with 

I'-scnipers  is  at  the  foot  of  two  rows  of  pipes,  its  mate  is  at  the  upper 

'  \in-mities  of  the  other  rows.     A  number  of  these  drums  with  worm- 

"Wis  on  their  sides  are  driven  by  a  horiKoutal  shaft  belted  from  a  main 

ifir.   This  shaft  is  arrangwl  with  an  antonmtic  reversing  gear,  which 

"ijnrts  to  the  l>nr»  and  their  sera[>er!3  a  uniform  reciprocating  motion. 

■'ii'ourw  the  number  of  pi|H's  composing  any  system  deiiends  n[Kin  the 

Niiiber  and  capacity  of  the  boilers,  but  the  forogutng  dimensions  give 

11  idea  of  how  closely  the  Uihes  can  be  arranged. 

As  ft  gfneral  rule,  however,  the  hpating  surface  of  the  "economizer" 

-  tuiule  eiptal  to  that  of  the  boilers.     The  appanitna  as  a  whole  U 

<  r'tiirkuble  unique,  in  no  way  liable  to  become  diaonlered,  neither  ia  it 

iiitmeted  in  a  way  that  impairs  the  dnuijilit  of  the  chimney.     Its 

'  Miiouiir  results  are  beyond  cjuestion. 


CHAPTER  IV. 
STATIONARY  ENGINES. 

ENtiiNEs  FROM  THE  Uniteu  Stateh— Corliss's  BSiniKE— Allen's  RNnisE— Hick's 
BKoiNE— Uehrrns's  ekoinb— Shaw's  bkgine— Qbeat  Bbitain  and  EunoPE— Vaw- 
denkerchdvk's  engixe — Scribe's  enoine— Kotarv  avd  gas-encines— Leathbr 
BELTiso— Trass  MISSION   op  power  to  obeat   distances— Uihn 'a   TELODyNAHio 

I— ENGINES  FEOM  THE  TINITED  STATES. 
Tu  till"  Aniericau  Piigiueeriug  public  but  few  striking  novelties  are 
preseiited  amid  tlie  large  collection  of  stationary  steam-engines  on  exhi- 
bition. For  the  most  part,  tliese  comjirise  special  and  ingenious  adapta- 
tions of  well-kuown  mechanical  devices  to  tbe  old  varieties  of  the  beam 
and  horizontal  engines,  but  seldom  evincing  the  development  of  new ' 
principles.  In  the  latter  field  it  is  a  matter  of  congratuhition  that  our 
own  country  has  made  most  rapid  progress ;  as  represented  by  tUe  inven- 
tions of  Messrs.  Corliss,  Allen,  Hicks,  Behrens,  Eiicsson,  and  Shaw,  it 
contributes  the  typical  engines  iu  the  Exposition  of  18G7.  Although  tha 
m^ority  of  these  builders  are  widely  known  and  well  represented  through- 
out the  Union,  it  may  uot  be  amias  to  briefly  describe  their  several  wju- 
tributions. 

OOttLlSS'S  ENGINE. 

The  Corliss  Steam-engine  Company,  of  Providence,  Rhode  Island,  have 
sent  a  30  horsepower  horizontal  engine,  fluished  with  all  the  mechanical 
refinement  for  which  their  works  are  justly  celebrated.  This  engfne  haa 
a  large  tly  wheel  which  serves  as  a  pulley  for  the  broad  driving  belt ;  the 
Irame  is  light  and  directly  connects  the  main  pillow-block  with  the  head 
of  the  cylinder.  No  massive  bed-plate  is  required  for  its  sui)|K)rt,  but 
merely  a  solid  foundation,  on  which  may  rest  the  cast-irou  legs  bolt^-d  to 
the  pillow-block  and  the  cylinder.  There  are  four  valves,  two  steam  and 
two  exhaust,  placed  at  the  extreme  ends  nud  directly  upon  the  bore  of 
the  cylinder;  being  made  independently  ai^ustable,  it  follows  that  the 
time  of  commencement,  extent,  and  rapidity  of  the  movement  of  each 
may  be  arranged  accurately  to  correspond  with  the  theoretical  reiiuire- 
ments.  Motion  is  imparted  to  them  by  a  single  eccentric  acting  through 
the  medium  of  a  vibrating  disk,  sometimes  called  a  "  wrist-plate,"  from 
which  radiate  the  valve  connections.  Apart  iVom  the  simplicity  of  the 
device,  an  important  advantage  is  gained  in  the  utilization  of  the  crank 
motion's  known  irregularity,  to  give  the  valves  a  rapid  motion  at  the 
instant  of  opening  or  closing.    The  closing  movement  of  the  libei-ated 


i(-T»lVf«  is  effwlwl  by  MruiglU  »lwl  8|)niifr».  I'oilwl  U|iini  tin  mm  *if 
ii'vntDii^  wlii-u-by  iiikIik-  U'lisiun  is  iivuideil  urxl  a  t'liteniiii  alwiiyit 
fttmuliv^l  fur  thu  :u;ti(>ii  of  tli»  spriufis.  Air  *'da>th-iiiit«''  artvsl  tlie 
uiotiiiii  iif  tiiesu  spriugH  wlipu  releiunid.  In  tliu  niecbnuiitiii  iRTtuiniu);  to 
Ui>?  steam-valves  is  euilKKiietl  ii  pmvisiou  wlmreby  iu  Ilic  oonrw!  of  iut 
r-ilmiry  n-uiimtcative  inovt'inwit  (and  «t  any  point  iif  the  sainc)  the 
'  itiHdir«::tly  and  jiennanently  eonnpctpd  witJi  tbv  valve  may  In"  di'taohcd 
fwm  the  control  of  tin?  "wrint-platt*"  and  sum-ndei-ed  to  i\w.  tuaiou  of 

■'jet!  «]inn(:.    Tliis  dciiutlinit^nt  in  i-H'mUhI  by  the  impint^in^  of  a  wt- 
tnovtilile  ami,  or  "liituli,"  (forming  part  of  tlii^  upcuing  int-i'linnisin 
0  ralvf.)  Hf^iiinst  a  "stop"  conn««t4-d  with  and  hvld  in  position  by 
the  f^>vcrnor.     Uy  tbJH  i-outai't  »  Hlijfbt  delli-ction  of  tht?  movt^abl^  arm 
•  r.iDWMl,  n-Hnllin^  in  sni-h  a  diKengiiKcmi'iit  of  the  app:«vatUH,  that  while 
■':!••  porta  imgn'llMl  by  tha  "wriftt-plHte"  continnc  their  movi-nifnt  nnini- 
-'1*h1,  till-  valvr.  oil  tin-  contrary,  b^^conics  enbjet^t  to  tbii  tt-UHioii  of  the 
itutspiihtf,  wliii.li  iristiiiitly  dmwH  it  over  th<?  port.    The  di'ttnjbuieiit 
iiii  iHi(i-((<|iii'ut  ilosiiiy  of  the  Btoani- valves  is  thus  iniid«  do[K^ndeii(  upon 
'    iMnri  iif  the  govi.'rnor,  while  tbeliitt4.>r,  having  no  lal>or  to  in-rfonn, 
-iiisitive  to  th(?  ch»n)^8  iu  speed,    Thia  engine,  on  account  of 
M  I  ily  noifH-lesfl  antomatic  motion ;  the  extreme  sensitiveness  of  its 
uoil:  Its  gnU'efnl  and  carrfully  studied  propoHioiia,  na  well  sia  its 
'iii:lily  iH'lishvd  surfaces,  bus  attracted  marked  and  appre^'iative  altcii- 
'»<n.    In  u  conipariHoo  of  the  different  classes  exhibited,  it  is  HJgiiilicnnt 
'  observe  how  minniely  its  features  have  been  copied  by  noted  builders 
I  iilher  uatioiiH.  as  indieative  of  the  esteem  with  whieh  they  regani  its 
I       -iivdlitw. 

^^Hhe  fluginc  invented  by  Mr.  J.  F.  Allen,  of  New  Vorh,  hits  been  gn'atly 

^Bmified  in  the  bauds  of  Mr.  Chwriea  T.  I'orter,  of  the  same  inty,  and 

^mide  a  H]HM-ial  bmneb  of  manufacture  by  the  Whitworth  Company,  Man- 

I      cfaestfr,  Kii^laiid.     The  latter  have  (ilaced  three  i-epresentatlve  engines 

•>»  exiiiliiiion  in  the  Hrlfish  department,  one  for  <lriving  a  pnrtion  of  the 

iiMe   sliaHing  in   tlie   main   building,  iind  two  of  smaller  proportions 

<--r.tiif^-d  with  excellent  forethought  for  ilbiHtrating  the  principle  and 

ikil  of  thi*  parts.    The  former  has  a  cylinder  1'2  inches  diameter  and 

s  stroke  of  pjst^ui;  200  n>volurions  i>er  minute  is  the  average 

t  citing,  eonsetpiently,  a  piston  speed  of  8(K)  ft-ei.  jter  minute- 

Bouo  of  the  latter  hiw  certain  sections  removed,  reveabug  thereby 

Kvalves,  st^^'um  passages,  piston,  &c,  a  slow  speed  [m]>arted  tJirongh 

t  to  llic  tly-wbtH-'l  clearly  demoiuitrates  the  manner  bi  which  the 

r  arul  valves  perform  their  resi»eetivo  funetlona.     Its  eousoit  is 

1  by  steam,  and  astonishes  engineers  who  ha\c  been  nceuatonietl 

H  vurylng  between  :!<H)  or  .'MHl  |i*et  per  minute,  by  its  wonderful 

The  innximum  numls-r  of  rrvubilious  utiained  luis  been  us 

?1M,  eoni.'siHoaling  toaplKtoii  fi[H-ed  of  l,4<l<)  feet  |>er  minute,  and 
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1  EXPOSITION. 

yt't  this  renmrkablc  feat  was  aoroiiiiiliHiipcI  without  Jar  nr  nojsei,  no  |i 
fwtly  are  the  parts  fitted  niiU  balanwd.  The  large  engine  i8  ftarniolwH 
witli  a  jet  condenser,  which  is  sitnjily  a  iiioditlwUion  of  the-  ftpproved 
ftirin  iiswl  in  marine  engines.  It  is  plncett  on  a  8ei>aiiiti'  foiindntiuitj 
im mediately  Imck  of  the  sfeam  cylinder,  and  has  for  a  disphu-ement  pipw 
H  single-sii-ling  ciist-iron  plnngiT,  opemted  by  the  prolonged  pist^tn-rodj 
Tiiiuliipt  Ihin  to  the  requirements  of  tlie  higli  diMH^d  inoidetittoiti*' 
tion,  till*  point  of  tlie  jdiinger  is  turned  witli  the  same  radius  of  eiirva 
ture  that  Mr.  Whitworth  has  tiotind  most  efllcieut  on  liis  eeiehrnt^id  f 
.ieetiies,iil«oitsweiglitexiicllj-e(iualsthatoftheamoiintofwaterdiHplBred 
Ituside-s  thew  preeiintions,  small  diaphragm  jdates  are  attached  iamdi 
of  the  condenser,  to  prevent  the  generation  of  waves  wliirh  would  re-KUl! 
f^om  the  sudden  iuiiutet  of  the  phinger  against  the  water.  The  nibbe 
disk-valves  have  but  a  short  motion,  and  are  self-cloMng.  by  means  « 
spiral  springs.  The  main  lied-plate  of  the  engine  extiMidK  from  tlie  eyliii 
der-hejid,  to  which  it  is  holtcd,  to  a  jioint  suffiriently  beyond  the  eranic 
shaft'  for  receiving  tlie  large  pillow-block  of  the  same.  Tliis  bearing  h 
made  unnsually  long,  and  thus  injures  absolute  rigidit.\  of  the  shaft 
The  eouneeting-roti,  formed  of  steel,  has  a  length  eipial  to  tliHee  th4 
stroke.  Since  Mr.  vVllen's  engine  is  baaed  on  the  principle  that  worl 
tdioultl  he  performed  by  the  development  of  high  velocity  in  a  sniaJ 
m<i.-«s,  the  tly-whecl  is  consequently  of  nmi-h  less  magnitude  than  nt»« 
on  engines  of  eqnal  indicated  gxiwer.  The  e;klinder  is  duplex,  that  ear 
rying  the  piston  forms  »  sWve-likt*  casting,  which  is  bored  and  turned^ 
then  forced  into  the  outer  cylinder  where,  being  supported  only  by  Uttinf 
strips  at  the  extrenuties,  it  is  cffcetually  guarded  by  a  complete  eiivo 
loi»e  of  steam  from  iri-egular  expansion.  With  reference  to  the  pmpa 
piston  for  a  higlisjieeil  engine,  Mr.  Porter  has  found  the  most  satisfao 
tory  resultA  to  ncconipauy  the  use  of  one  without  pneking,  but  with  I 
wide  face  earefiiUy  tunied  to  the  same  iliumeter  as  the  bore  of  the  nylio 
der,  and  having  the  same  chaimeltul  by  small  V-groove».  Tlieac  \aAgt 
the' water  condensed  from  the  first  steam  that  enters  the  cylinder,  aai 
thus  cre4ite  a  packing  of  sufllcient  n.>si8tunce  for  the  steam.  Thei»  an 
two  valve-cheKts  on  the  side  of  the  cylinder,  one  for  tlie  valve*  regq 
luting  the  Kteam,  the  other  for  tliost*  controlling  the  exhaust,  llie  fonna 
valves  an*  reetwngular  ami  work  between  wraja-d  surfaces;  they  i 
tialanced  by  the  presMuro  of  the  stcum  on  their  opposite  sides,  while  thi 
latter  are  of  the  same  constmetion  as  the  ordinary  fliit  slide-vnlvea 
These  valves  being  plwiMl  near  the  pitremities  uf  the  cylinder,  the  ciibii 
eonti'iits  of  their  jiassagi-s  is  i^eilueetl  lo  n  miidmum,  a  eondilionof  eoc 
nmy  too  often  oVt>rIooke<l  in  highspM-d  i^ugines,  enpeciiilly  loeumotlvi 
All  thevtdvesareaetjiateil  by  onpsliitionarj'liuk.  Motion  Is transmlttei 
to  those  i-egulitting  Ihn  exhaust  thnmgh  a  "roeker^  having  op|>oslti 
anus;  the  (Humecting  stem  being  pinned  rigidly  to  the  top  of  the  tiul 
lai|iurtsiiu  invariable  action  lo  the  valves.  The  steMm-valvcxhave  tliet 
Ktenis  attaehetl  to  two  other  rockers,  und  these  in  turn  have  oonnectinj 


pariicr 

■Ku- 


IH  )>inne(l  tit  the  sUding-block  of  the  link.  To  tins  bliMk  tlip  "  Pnner 
•nl  govfriior"  is  romu'Ct*>t1,  wliioli,  acting  iiiiilci'  nn  imrciwi^i  iir 
itimtiiiMlK^'d  Vflocity,  «;ani«e»  the  blork  ht  ti-uvi-rsc  Hii^  link,  iiml  etft^i'tsHri 
pariicr  ur  Uuvv  vat-nff  of  the  fttcBiD,  The  (■iiinbiiiiition  i»  very  wnsitivc, 
when  rimniKs  with  a  light  load  cuts  ofl'  nluioHt  simultiiiieniisly  «ith 
ooiumeiircinpiitof  thf  stroke.  An  inviiriable"lpatl''rpRDltsfroni  the 
tloyinorit  of  Mii>  »littiunary  link,  which  tiitt<>r  i»  ft  ciiHoiis  mntliflcation 
ordioary  form :  lor  instead  of  rwvivinn  its  motion  from  two  tTwn- 
trictk,  barint;  ca^-h  a  cotinecting-rod,  the  linkbliK-k  in  c:tst  on  the  ntrupuf 
th«  cciv-ntrii'.  Its  jHisition  is  maintained  by  the  ordinary  mode  of  snR- 
petuiott,  nnil  the  dintivni'e  from  its  centn-  to  that  of  tiie  main  shaft  is 
DiAdo  thric*  that  of  the  cccimtriu's  thniw;  the  hittw-  is  idiM;e<l  in  th« 
radial  plane  nf  the  cnink-pin  axis,  and  on  tlie  same  sidt*  of  the  main  shaft 
M  tlie  pin.  As  already  intimated,  the  Allen  engine,  by  nsing  velocity 
of  maaa  for  the  development  of  "  work,"  has  Iwen  bmnght  t«  an 
Ingly  (impact  eompasa.  It  ia  perfectly  under  the  (^>iitrnl  of  it« 
yet  keenly  sensitive  governor,  while  the  mpiil  espansion  of  high- 
steam  in  its  jneketwl  ejliuder  is  ittTOmplishtsI  fi-ee  of  conden- 
nd  atti-nih'd  with  well-known  eet>nomic  rcsnits.  It  has  worked 
nrmarkidtte  smoothness  and  regnlarity  during  the  Exposition,  and 
ftirnished  indicator  cards,  cUyu'ly  ilbistniting  the  peit'eetion  of  its 
(See  Plate  V,  ViQ,  4.) 

hick's  em;tne. 

(•ntbedirect-acting  engines  (with  a  fixed  cut-off)  in  tho  Exposition, 
tftirnUhetl  by  the  Hiek^s  Engine  Company,  nf  Xewrnstle,  Delaware, 
B  most  simple,  compnct-,  and  ingenious.  Il^  working  parts  consist 
Ifirar  trunk  piitona  with  their  connecting  rods  8trupi>ed  to  the  pins  of 
nible  crank-shaPt.  They  oiwrate  in  one  casting  forming  the  four  cyl- 
indfira,  while  the  direction  of  rotation  imparted  to  the  shaft  is  governed 
i>y  n  slide-valve  moved  with  a  simple  liand-lever.  Eai:h  of  these  trunks 
•  ^inglc-Acling,  and  so  cored  within  as  to  form  three  chanil)crs.  At 
jiniiMT  intenals,  psuwupcsopen  fiwn  these  chambers  which,  in  thcconrse 
"1  the  tmnk's  stroke,  eomniunicjitu  with  corresponding  ones  leading  to 
lie  ctt.'am-siipply,  m  well  as  the  channels  for  the  exhaust.  But  one  of 
■l;e  thret- chambers  opens  into  the  vacant  cylinder;  this  serves  as  an 
iilet  for  the  steam  in  l.lie  commencement  of  the  effective  stroke,  and  as 
'Ltdet  for  the  s:ime  during  the  latter  part  of  the  ix'liii'ti.  It  is  not  used 
■tiic  tlrst  part  of  the  return  stroke,  because  when  the  Irutik  piston  has 
jileled  its  ctTi-etive  stroke,  it  unTOvera  an  exhaust  passage 
which  the  steam  can  escape.  This  channel  is  immediatHy 
(hepaisageoflhe  cnuik  over  iti  dead  center;  hence  the  neres 
f  opening  an  escape  for  the  reiiinining  vapor,  which  wi 
e  greatly  wimpressed  mid  otfer  serious  re«istanc*.    The  stcjim 

ler  enters  il«   trituk  through  that  of  the  ai^oining, 
D  trank  effects  the  cat  off  of  the  same ;  as  this  occurs  in  Ih 


eces-  ^M 

I 


I 


nilHd  portion  of  the  ti-auk'8  tnivi>l,  tbn  cutoff  \»  ncrpwarily  sbar] 
uiiil  (Ii><:i»ive.  llA  extent  ih  re(;ulati>cl  liy  the  length  aiwi^pil  to  the  Iub 
{[iliidiiinl  piMitage  in  the  conntnirtion  of  the  nugine.  From  the  t 
of  ihv  iutS!fiigu  lUK^uvcrtHl  by  the  trunk  the  exlmiixt  an(itTi[ial(«  tli«  <xiut 
ptetion  of  the  stroke,  uud  thcutulwayxexhitjitriii  frc«  liiit<uii  uu  Indiviilo 
CBird  qnit<^  indepenilently  of  tho  direction  in  which  tlieeiipncisrauuiog 
Upnee,  from  lhi«  enpine  a  murb  bftu-r  theoretical  canl  can  l>e  ]>rucun>4 
than  in  poRMihly  the  case  with  an  onlinary  slide- vahe  actuated  by  a  mn 
gle  ec'wrilric,  Lwikitge  of  the  nteam  Iwtween  rhw  tninka  and  their  cyl 
iiuUth  i»  prcvtfut4Ml  t>y  a  key  in  ouch  trunk  which  in  nlilc  to  cx|uu>(l  Iti 
same  in  a  circumferential  direction.  Comimred  with  two  doublivsirtiDj 
Immmotive  cylindcavt  of  the  same  Htmke,  it  will  be  observ*-"!  that  t 
CM*  four  tinu'8  the  length  of  cylinder  in  requlrml  by  this  arrunKBment  I 
accomplish  tho  twnie  work.  The  siinpllcily  of  the  partM  Mtiimgly  i 
iui>nd  i(M  use  in  plact^H  where  xkilled  (^nginceriug  uptsiiitaiice  is  dilBeti) 
tu  pnx'iuf,  Au  indicator  of  thia  «ugiuu  la  giveu  on  I'hite  V,  Fig.  5. 
BEBBENS'S  ENGINE. 

Mr.  Bi'hrens,  of  New  York,  eslubita  a  rotary  engine  and  pmaii  ctw 
hiried  dlaiilar  to  that  toreated  by  Atr.  Repaold,  of  Hainliurg,  in  181 
fig.  u.  It  coiisititft  of  two  diintile  eyliiuloi 

mounted  iioHxonlally  on  II  b«l-|i 
tLmiigli  their  itxcK  niti  two  {uubIIi 
8h;it^N.  wliiMe  motionii  art>  renilerei 
synchrouous  by  ajmr    gt'ara   keya 

•  m  lirmly  in  the  intervening  s: 
Within  these  double  cylliidcra  m 
^iitachod  to  their  KliaAn  am  foiiro 
mental  piston  hlockH,  nhomvcim'Ui 

•  ii'Ik  match  each  other  In  the  |tra 
I  CS.S  of  their  rutatiuii.    Top  iibiI  b 
i>iui  passages  to  om-  of  tliuae  cjrlii 
derH  ailmit  and  release  Ibe  i 
and  oorrei4|  ton  (ling  oni-n  on  tlie  otbi 

jterforni  the  wuiie  fnnetious  for  the  liquid  to  be  nilst-d.     All  four  nylli 
(lerH  lire  boreal  to  the  si»iue  diameter,  hnt  the  length  of  the  steiun  ilunb 
cylinder  U  prwi«ortion«I  tt»  the  |»ower  miainnl  fwr  fon-lng  the  liqni 
\Vhat«t'rr  may  1h'  ihv  delW-ts  of  ihc  stutm  cylinder  with  n-fvnnoe  lo  i 
packing,  llie  ileidgn  for  a  pump  is  well  worthy  of  atlemion,  as  it  ]k 
aoKHeK  n-murkablc  i|nabtifs  for  hoih  MH-tlon  and  ronMiii;  eotubuiml  wjl 
fubnirabte  siniplicily.     The  lant  two  engines  are  furuUhed  with  goi 
enioTK  patvntetl  by  Mr.  I'lekcxing,  of  Xew  Yori;.     Thin 
itxhibits  samplett  of  lUe  variiHis  sIim  he  iiiaanfltclnrr.-s   IVun   tli< 
adapt<Hl  to  eugiucA  of  u  ft^w  hoTM>-|iwwer  to  (tther!<>  suitubk'  fur 
engini-a  of  wvenU  huiiilrfd.    Ilis  goviTiior  balls  are  rivt-iwl  in  ibe 
tent  of  ibnt'  huninatMl  slniight  »>tcvl  spriugs.    Kuch  spring  isf»m|ii 


■flvc  leavps,  wliii'li  aro  rivctoil  tit  tlHrir  iipiwr  iiml  lowi^r  extremitipA  to 
Bpnrs  u|ioti  tlie  ^^ovcriior  i4pin<llc.  The  viilvi':  (ii>L>rau><l  U  of  the  piston 
■riHy  niifl  iMTtV-ctly  baluiiciMl,  ho  that  little  labor  Ib  requirwl  of  Ibe 
■Do.  Tliiit  IK**-'"!!"!*  coiiibiriution  and  riveting  of  the  springs  reiirla^rg 
b  governor  lii(;lily  ru-nsitire  to  the  least  \-»riarion  in  Rim^d.  lt»  giin- 
■eity  is  very  prominent  in  a  r;oin))nri.sori  vritli  thv  Hpet'lnionn  in  tin* 
■kncli  ttepnrtmrut. 

■  SUAW'S  ENUISE. 

Kir.  Philander  Shaw,  of  Boi^ton,  exhibits  a  roughly  constructed  hot'iUr 
■Bliic  ill  the  American  suutiun  uf  tlie  jiaik,  but  one  which,  by  it8  urigi- 
Blty  of  ilvsi;fii,  biu)  attracted  miieh  utt«ntiuu.  The  engine  is  eonstructiMl 
■111  two  veitieiil  cylinders,  having  sin^le-attting trnnk  pistons  hung  from 
Boppo8Jt4>  extremities  of  an  overhead  working-Wnm.  Ttie  beam  center 
^■KOl^Higcd  on  the  side  towards  the  furniiee  anSleiently  for  reiMtiving  a 
^gfl  artD,  lW>ni  which  the  connecting  rwl  nuiH  to  the  crank  of  thu  niuiu 
But.  Tlie  furnacfi  in  henneticnlly  cloiM^d;  from  it  the  heat^nl  aJr  nud 
Bdncte  of  combustioD  pana  over  to  the  cylinders,  witli  an  aviTHgv 
MMmre  of  fourteen  pounds  per  square  inch,  to  <fFhi<:h  they  iire  admittetl 
ftmitable  valves.  While  one  pinton  is  making  the  upward  sti'oke  its 
■pDlar  face  -.uits  as  an  air-pump  for  forcing  cold  air  inU)  a  heati^r,  whence 
hows  under  the  gnite,  to  sustain  eoinbn-stiou.  Thitt  is  encLttX'ded  by 
bdttwti  ((troke,  wliich  draw»  c^>ld  air  iiilo  the  annular  HpiUH^tandnxpclo 
Hgiwcajust  uHcd.  thniu^jh  the  tubes  of  the  beat4U'  to  the  stjick.  By  a 
Bu  armngenieiit  of  the  partj^  the  line  cinders  are  preveuttnl  fVom  catting 
b  oylitiders,  and  the  saineare  kept  sufficiently  oool.  Adiagram  of  the 
■Brklng  will  be  found  ou  Plate  V,  Fig.  C. 

I  11— OKEAT  nillTAIN  AND  EUROPE. 

l9!be  tliree  must  notable  copies  of  the  Corliss  engine  principle  arc  by 
BMMn.  Hick,  llargraves  &  Co.,  of  Bolton,  England,  Messrs.  Oebrilder 
■Ifer,  of  Winterthur,  Switzerland,  and  Mr.  A-  Duvergier,  Lyons,  France. 
mbft  leading  dilTerenc^  in  the  engine  of  the  first  mannfaotni-ers  h  in  the 
■JMae  of  the  I'UtHtlT  valves;  the  flngur  clips  arc  double:  it,  however, 
B^bMitially  con-e8|ionds  in  other  delJtiK  The  SwUis  engine  is  the  stinn.' 
BVaprvt  Ut  the  fmnie,  sjieei],  Ibui^tions  of  valves,  &o.  It  has  four  piipiM'l 
Mtead  of  as  many  circular  slide-valves,  and  these  are  operated  by  nims 
Ha  iiiiafl  riinidng  parallel  to  the  axis  of  the  engine.  The  govenior  varies 
fc  point  of  cntoff  by  merely  altering  the  radial  lines  of  eon  (net  between 
m»  vnlvi'  eimiitK'tions  and  their  earns,  but  leaves  the  exhiiimt  motion  in- 
KriaUe.  The  Kreiicb  engine  is  chnrarteristie  more  for  the  imitation  of 
Bnei|>le  Iban  details.  Its  bed-plate  and  overhanging  cylinder  are  like 
MHeorthe  .\llen  engine.  The  governor  acts  on  the  cut-otT  valves  through 
b  Mock  of  a  rocking  link  to  which  their  stems  itrc  secun-<l,  and  whose 
Hglltaltnif  moticm  is  derived  from  the  same  eccentric  ibut  ncUMlMJhAd 
bBiul  valves.  I^^^M 

BFhe  Woulf  system  of  working  sleam  of  high  pressure  in  una  i^^^^^l 


ati<1  expaiidinc  the  aanu-  in  «  aentntl  of  (jrcflt^^r  iliiinH'tcr^  Iiim  mauy  t 
[wtiont8  I'wiitrilmti'id  from  tlio  'lifferciit  coiiiitricB  of  Kurojn'.  A  larfte 
doable  Iwjiiii  cnBint'  (built  by  Mr.  T. Powfll  of  Uoueii)  lia^iiig  four  cylin. 
ders,  drives  tho  ma<-liiiipry  in  a  wction  of  tlip  French  dcimrtnieut,  iLt  two 
liigh -pressure  cylinders  wtnipy  the  relative  poititioii  to  tlio»e  in  wfaicli 
the  ex|iiiuHion  tnkea  platu',  that  the  air-pump  of  an  ordinnry  lu^ain-t^nginfil 
dwji  to  iti*  lylindpr.  Cam  nlinfts  ^Jirod  fVom  the  rniiin  shaft.  re^IaMl 
Uie  oiM-ralion  of  MiP  pnppct'Valvos.  Tbt;  workmanship  of  tht»  Kni^ni'  \ti 
of  tJie  Hrst  urdvr,  yet,  liko  many  of  its  t*ont«tnporarit'»i  in  ttu>  name  depart' 
ucnt,  it  furuinheH  but  meager  material  for  a  report  on  ni)\-el  foruiA  of 
Ktationarie«i. 

VANDEKKEEPUOVE'S  ESQIKE. 

Mr.  Pr<isp(T  Vaiidi-nkerciiovc,  of  fiaml,  Belgium,  has  labnn-d  earnetitly 
towanis  rcdnciiig  to  a  minimum  the  cubic  contents  of  the  numerous  steam 
pasHiigeH  incident  to  a  double-cylinder  expansion  engine.  His  system  U 
embwiied  in  a  large  horizontal  engine  having  two  opposite  erank8  on 
the  main  shaft,  donble  guides,  erotw-hettdn,  i'oniifetiug-iiKl.i,  &o.  Thi 
two  oyliiiders  rt^w-ive  the  live  steivmiujacketa  mirrounding eat-b,  whouo 
bavins  passed  throngh  pnpjwt-valves  to  the  bigh-prewnii-e  cylinder  aiu 
[>erformed  a  ]H>rtioa  of  its  duty,  it  in  tillowed  to  eM-aja*  and  cxpniKl  ia 
the  large  <'ylinder  by  the  opening  of  thi?  intermediate  slide-valves. 

It«  final  e8<-ai>e  is  efte<'ted  IhnMigh  scjiarate  exIiaiiM-valvcN  in  th«  largti 
cylinder.  For  these  various  dnlies  »i>  valves  are  reiiuii-ed,  thuii  attaiB< 
ing  the  objeetata  sucriHcu  of  simplicity,  yet  the  engine  in  other  respecU 
gives  promise  of  tJie  most  econonncal  results.  The  drawings,  Plate  V, 
FigH.  7  and  S,  are  self-explanat^iry  of  the  system. 

scribe's  ENGIKE. 

The  engine  of  Mr.  Gustave  Scribe  differs  from  the  forcgiiing  in  tha 


STEAM   ENOINEEBINO. 


KlJon  of  the  c.vtiiiden*  and  valve  uiolinn.  lie  pliinox  tlit^  nx'm  of  tlie 
i-jirwwiiru  c,vliinU*i-  mticideiit  with  Hint  of  thf  low  ami  iiiiiiKHliiitcly 
Bhmd  of  the  huiiil-,  tuwmxlrt  tlio  <:i'niik  kIiuII.  Tin-  two  pUtoii-riHlH  of  Llio 
low-iiifusuw  (lyliudt-r  run  parallel  to  the  sidua  of  tli«  bitft'  «"d  are  Httiu-hed 
D  the  ai^me  cross-beiul  that  holds  jt«  single  piHtou  I'od ;  thus  otip  ooiinoct- 
t  rod,  crank,  ciom  liend,  &c,  sutisfj  the  n-quln^uiftitH  of  lUi-  <^ugim'. 
^  main  objcctiou  to  tlii.t  arrangement  is  tliut  the  jjort  carrying  the 
ist  liigh-preasun)  steaiu  from  the  front  end  of  the  small  rylinder  to 
^back  «ml  of  the  large  is  necessarily  of  great  length;  in  the  oO  horse- 
r  engine  on  exhibition  this  distance  equals  eight  feet. 
n  eofnnein  the  Swedish  department  constructed  by  the  BergHond  Com- 
y  of  Htockliolm  diuphtys  a  ready  uieauH  of  ohviating  thin  difficulty. 
IT  (80  to  Bjwak)  slide  the  high  pressure  cylinder  of  Mr.  Scribe's  engine 
p  tltw  low-pressure,  after  the  manner  of  a  telescope;  thereby  pn>dueiDg 
1  high  pressure  cylinder  siurounded  by  a  low-presanre  one  having 
kaannlitr  piston.  Tho  three  piston-i-oils  as  before  are  connecUnl  with 
»wme  I'Diss-head  and  transmit  motion  to  one  cmnk  ami.  This  sys< 
^•■m  l«  highly  est*?e«ied  in  Sweden  and  apiiears  destined,  by  the  ingenioua 
Jstnbiition  of  the  steam,  coupled  with  a  compact  arrangement  of  parts, 
■1  altract  the  earofid  study  of  marine  engineers. 

EOTAKY  AND  OAS-ENGIMES. 

Auiong  tlie  varietiefl  of  foreign  rotary  engines  the  most  prominent  are 
tMm  the  works  of  Messrs.  I'iilner  &  Hill,  Newiwrt,  England,  and  It,  W. 
TUinnpson.  of  Edinburgh,  Scotland.  Iji  the  engine  of  the  former  firm, 
'!»•  Htoam  acts  upon  two  spur-wheel  pistous;  the  prolonged  main  shaft 
•  desi;;iied  to  drive  directly  a  wire  rolling-mill,  and  revolve  at  o<W  turns 
iM-r  iniriulf.  That  of  the  latter  is  termed  a  "differential  nitjiry,"  and  has 
ilready  be«n  noticed  in  connection  with  the  snbjeet  of  st«am  cranes. 

The  "disk  engine"of  Mr.  A.  Molai-d,  Lnne\'ille,  France,  stands  in  th« 
i[oie\,  but  so  closely  resembles  iti  detail  those  constnicted  for  screw 
-(•tamers  by  Messrs.  J.  &  L\,  Ihinuie,  lAudon,  that  it  claims  no  special 
anaition. 
■tlbetv  nrv  three  forms  of  illnminating  gai4-engines  on  exhibition.  The 
Birvfirstdtfrerpnncijtallyin  the  method  of  igidtion;  Mr.  Lcnoiremploying 
Hgalranic  battery,  while  Mr.  Iliigoii  employs  a  simple  dame  intnxliieed 
Kbd  eat  off  by  an  onliuiiry  slide  valve.  The  third  form  is  tlie  inveiiiiuii  oT 
Bb.  N.  A.  Otto,  of  Cologne,  Prussia;  in  it  the  Ungon  Hame  is  used ;  tin- 
Km,  liAving  Ixv-n  ignitMl,  propels  the  piston  freely  up  the  vertical  cylinder, 
Hittil  the  partial  vacuum  pnKloe4>d  by  the  explosion  eauRes  its  less  rapid 
■Mnni;  iltiring  which  the  nslnctson  the  driving  shiilt  by  means  of  gearing. 
Bad  impnrts  the  desired  rotation.  Beside  g»s-engine3,  are  several  other;* 
HtehutiMl  by  water  pressure  and  electro-magnetism.  The  Litter  M-i-m 
Hfetomting  when  regarded  us  mere  skirmbfhing  efforts  with  apouerwhv^^ 
^pltKn  inHucnee  can  scarcely  \»'  estimated.  It  is  understood  tlial  auo|^H 
HnOMittcv  have  prepared  pnitcrs  on  those  varieties  of  motive  power  wl^^| 


udnptatinn  is  niniv  mndfrii  Ihiin  that  of  Kt<^1Ul,  nud  to  thin  fact  tnu8t 
uttnl>utc<l  ttie  cursory  clmnii:t<'r  of  tlie  foregoing  remarks. 

Att^r  liuviiig  gliim-L'd  at  tiii^  ilifiVr<.nit  uovcltiits  For  tJie  ili-vi;l<)|>tu«ut 
power,  tlie  next  stibjuut  of  iiiti!r<>st  will  bu  tlii;  traiuiiiiissii>ti  of  the  sumi 
for  tlio  [iprformaJiMs  of  work  ;  aiui  ftist,  with  rpfereiiw  to  one  of  tliii oli 
iiit^aiiei,  viz:  leatiior  butting. 

III.— TR^VXSMISHION  OF  I'OWHH. 
LEATIIEIt   HELTINO. 

All  cxaiiiiniUioii  of  the  difl'ert^at  loatlier  departmi'Dt».  and  tlie  v»riMie 
of  belting  ID  actual  use,  reveal  a  t^'udeiicy  ou  tbe  pwrt  of  Jtiaitiifiicturc 
t«  improve  the  qtialilj  of  wide  belts  by  swnriiig  2-iiidi  !*tri|i»  itlimg  tliol 
edges,     Sitecimeus  of  tliis  character  are  exhibit*-*!  by  Mi^»sr«.  Webb  i 
Son,  Stowmarket,  England;  Mr.  William  Ittiliuid,  of  Bonn,  PnisHia;  I 
Lemaistro  &  Co.,  Brussels,  Belgium ;  i'lacido  Ptiltereau,  :i2  Kuo  d'Haat4 
iTlle,  Paris ;  Poullain  Brothure,  Wi  Kiie  de  Flandro,  Paris ;  and  otbRTs  q 
Ifi^  note.    Ttie  materia)  forioing  these  strips  is  (with  a  single  ejcceptlOB 
leather  of  the  same  quality  as  the  belt.    Tlte  metliods  of  attachment  a 
variable,  as  laees,  threails,  rivets,  eyelets,  and  brasH  serews.    The  Eiig 
lish  use  tbe  threa^is,  Prnssians  tbe  laees,  and  the  FreneL  all  lli«  viirivtie 
ennmerated.    Mr.  P.  Pelteremi,  proprietor  of  one  of  the  largest  houi 
iu  France,  makes  a  reumrkable  diN])lay,  not  only  of  belts  ami  Iheinuounl 
ings,  but  of  different  kinds  of  leather;  siieli  a»  tanned  elejihanl.  hidfl 
varying  in  thiekiiess  from  one-fonrth  to  one  hall'  an  iueh,  iind  hippopi 
amns  hide,  IVom  one  ineh  to  one  and  a  half  inohea  in  thickness. 
8-ineb  and  10-ineh  belts  have  leattier  faeings  two  inehes  wide  on  Uid 
edge^.    Each  of  these  faeings  is  attached  by  two  leather  huw,  whoi 
Btitehes  bave  three-fourths  of  nn  iuvli  spun,  and  run  in  parallel  lines,  »&% 
arated  by  one  and  one-fonrth  in<;h. 

The  "inextensiblelH-lt,"  for  whieb,«ta  previous  exposition,  he  receivei 
a  gold  meilal,  liai«  hU«1  instead  of  l<>atber  edging  Htrips.  Tliem;  Mtnps,  fa 
a  10-inch  belt,  are  two  inches  wide  by  one- sixty- fourth  of  an  inch  i 
tliiekness,  and  attaebed  by  two  riveted  rows  of  copiiej  tacka. 
tueks  ai-e  one-eighth  of  an  inch  in  diameter,  and  placed  three  and  oiM 
half  inches  between  eenti'es. 

Me»»n>.  Poullain  Brothers  Juin  their  single  and  eom[>ouu(l  tlieirdoubl 
belts  with  beiwUes*  one-eiglith  of  an  inch  braas  screws.    lliU  ii 
plished  with  a  vet?  ingenious  machine,  of  which  there  are  several  tyi 
in  the  French  de|)artmenl.     ll  carries  a  eoil  of  plain  brass  wire,  v 
whileln-ingfeiltotlio  work,]iaK!M.-Klhrougli  a  die  of  twenty -eight  Ihrv 
to  the  inch.     Tho  itcrew  thus  fonneil  ent«-rs  tbe  Itelt  at  a  point  idose 
rJamiH'd  by  a  foot-leter,  and  luiving  passetl  through  is  cut  ntl.     Piuollji 
the  belt  being  placed  on  a  snrtme  jdate,  the  [)oiut4  of  all  the  screws  its 
dightly  rivetetl.     The  most  compuct  luid  exiKMliUoiu  of  theMrinacbinij 
U  tbe  invention  of  Mr.  Cabuiirg.  71  lijie  Hu  Honors,  Paris. 


Mr-  £•  (^(■UtKi,  of  74  Boiil^^iii'd  <)ii  Prince  Eug^iK-,  exhibit!^  what  hit 

8  »  "liomopfnooua  Ix-lt,"  for  130  lioijw- power.     This  In-lt  is  liiiiftepli 

d  oiK^bair  inrhes  widf  by  tlirw!- fourths  of  itii  inch  in  tliifkiipiw.     It  in 

tBptwetl  of  H>4  It^atUiT  HtHi>8  thrpe-foiirtbfi  of  an  inrh  in  width,  laid 

^Uidhially  with  n-fprenw?  lo  thP  l»elt,  and  laced  ti-aiiBverscly ;  the  dis- 

fnm-tj  iH-twwn  laces  ia  (in«  nnd  oiie-ftiiirtli  inch,  and  diniiieter  of  Itice 

ii(iials  ihn^-RixtecuthR  of  an  inch.    The  adviuitiigc  of  t-dge-lMtiind  wid* 

belts,  whpre  frciinent  shipping  is  an  exKcutial,  we  think  will  be  fcadily 

^^QBceded ;  uud  to  what  extent  they  can  supiilant  double  lielts  i»  a  sub. 

^H||Bl  worttiy  of  ex |>eri mental  inquiry.    The  use  of  very  wide  beltn  is  ml- 

^^Mtat  resorted  to  in  the  machinery  deitartmcnt.    One  of  the»tationnrie8 

^^Bps  tifn  centriil  riblied  pulley  rinisbolltHl  to  the  arms  of  it«tly- wheel;  on 

^HpHe  mil  four  bi;ll.s  six  iiichcs  in  width ;  another  hiw  two  lli-tnch  cilgiil 

^H'MtBr  an*!  *"  ou — tht-  inclination  wiia  always  ti.)  increase  the  number 

ntlipr  than  the  width  of  the  belts. 

TU4SSMI8RION   OF   POWER   TO   OKEAT   UlSTANf'F.S. 

I'or  the  trUHsmiKsJoD  of  power  to  grcnt  distances,  leather  and  rub- 
ber beltM  arc  rendered  useless  by  their  extreme  elastjcity,  and  the 
(sjH'tiMve  ehiinicter  of  their  intermediate  supports;  while  nhafting 
•illi  iM'Vfl  guiLTs  consumes  the  applietl  imwer  in  excessive  fi-iction,  eliw- 
ticily,  &L'.  The.s(!  difficulties  were  stiidionRly  met  and  succotsfully 
solved  by  Mr.  C.  F.  llirn,  of  Colinar,  Haut  Ithin,  in  ttie  yejir  18G0 ;  tins 


Fig.  16. 


|inictii-al  wurkinj;  of  his  invention  was 
juirtially  displayed  at  the  exhibition  of 
DWJ.  in  the  park  of  the  present  Kx- 
pwicion,  liis  system  is  clearly  shown  by 
lb«  oi>eratioti  of  a  centrit'ugid  putap, 
lieriving  its  power  from  a  stationary 
ittglne,  working  on  the  opiiosite  side  of 
•  artiflvial  hike,  itiid  distant  some  .'MM» 
;  0<am  t)ic  pump.  This  so-calldl 
dmlyimmic"  system  is  bused  oti  the 
titntlon  of  a,  high  velocity  devel- 
9  in  n  suiidl  nmss.  for  its  converse, 
ki  largo  mass  moviugwith  small  ve- 
The  power-conductor  ia  »im)ily 
|lit  wire  ro|>e,  passtug  over  pulleys 

>  diameter,  and  upheld  at  Inter-  Snppoii«fot  tllni'iTi-WyiiBmioCibl*. 
Aot about  fiiurhiiniircd  fectl>y  support- pulleys.  The  conHtruetioD  of 
)  pnlleys,  and  their  supitorts,  is  shown  by  the  nn'ompaiiyiug  llg- 
;,  II!  and  17,  giving  a  side  view  and  end  view,  ami  a  section  of  the 
D  of  the  pulley.  Tlit>  two  extreme  pulleys,  or  thiise  which  rcicivc  :if]iI 
lliute  the  power,  are  rotated  nt  spee*!.**  having  a  turcnmfen>ullal 
dty  of  I,."««t  U^  4,HIW  fwt  |>er  mlllHlO.  It  hiio  bee 
etheaeof  cast  iron,  but  sicet  is  reootmnoiidcd  wlu  k*  liiglia|| 


.•I'ssary,    The  face  of  the  pulley  is  olintiiu'leil  b,v  »  dw?! 
^niovc,  wliilv  thu   bottiiin  of  tbe  latter  lias  a   IllDiifr  of  {;titl4i-iM>n:ba 
^  "^  wliich  adaptii  itself  more  uihI  iimro  porfuctly  t«  the 

/rope,  and  entii'ely  prevcuta  slip  and  weivr.  Fig.  17 
f  is  a  section  of  tlio  rim  of  tli«  support -piilley,  show- 
ing the  KaWe  A,  resting  iijmiu  Hiu  irnllft-iMnvlia 
ciiiiliiou  B.  Ileroin  livs  the  w-'crct  of  ita  ptW3tic»l 
SLctwas;  artwult  only  attained  tifU'r  iuo»t  diaoonrag- 
ingexiK^-imunt'S  upon  pulleys  conatnicted  sncoew- 
ively  of  coi»i>er,  wood,  east  iron,  &i\,  with  facings  of 
leather,  ludia-mbbor,  horn,  lignumvitii',  and  bon 
wood.  Esperience  has  proved  th»ttlie  lossof  [wwor 
by  tile  tidmlyiianiie  syxtvni  is  'iiiile  tritling^and  arisen 
r^g.  IT.  mainlytrom  theresistaueeoftheaii'loihearmsofthe 

pulleys.  thorrietionoftheiraxle»,iw  well  as  the  rigidity  oftlie  rope  In  its 
passage  ov«r  the  pulleys.  It  has  been  fonnd  that  two  pulleys,  twflve  fwJt 
in  diameter,  making  100  revolutions  per  mirnibe,  with  a  eable  of  scvun- 
teentbs  of  an  inch  diamett-r,  ean  by  means  of  a  eireumtm'ntial  velocitjr 
of  4,000  feet  per  minute,  triuisuiitlliOhoi-se-iwwer  (to distaiwes  less  Uian 
40O  feet)  withimt  sustaining  a  lo«s  of  mcire  than  two  and  one-half  per 
wnt.  If  this  limit  isexceudod,  it  will  become  ueeessaiy  to  inti'odiute  sup' 
port-pulleys  of  seven  feet  diameter,  ««<!  for  these  there  should  be  esti. 
mated  a  nieehauieiil  toss  of  ubont  one  jxfr  cent,  jier  a,.!©!)  feet  of  di»tanco 
traveled.  The  pecnniarj-  expi-nse,  independent  of  tbe  gniitnd-rentr 
amonntwl  to  »l,Om)  (gold)  p>*  3,;i00  feet,  [ilus  *«(H1  for  the  R-ceiving  aud 
distribuliug  pulleys,  with  their  respective  shiifls  and  supports.  It  in 
evident  that  tliis  system  cannot  be  limited  in  its  application  by  rentitinear 
transraissitm,  but  is  susceptible  of  all  the  changes  in  dim-tjon  which 
inclined  pulleys  can  command.  There  are  already  between  400  and  JWO 
iustant^es  of  its  employment  in  eonne<.'tiou  wiUi  tbe  manutactarin^  inter- 
CMtsof  the  continent.  Its  udv)uit»ges  in  respect  to  our  own  eountrj' can 
hardly  be  ovcr-cvtimatcd. 

CAI.I-ES'S  HVDRO-AEBO-DTWASnO  WHEEL. 

Anulher  form  of  transmission  may  be  seen  in  the  Belgian  dejiartnient, 
which  is  the  hivention  of  Mr.  A.  CalW,  nie<;baniral  engineer  resident  iu 
Brussels.  Its  special  object  is  the  distribution  of  motive  [wwer  through- 
out large  citieti  with  the  same  fiK'ility  that  now  obtJiius  in  the  ejise«  of 
water  and  gjui.  ]Iesi<lM  piTfe>et  freedom  from  the  dangers  incident  to  the 
use  of  steam-boilers,  this  rwwer  can  K-  fumishtMl  on  more  economical 
t«rms  than  stoam  and  when  not  wanted  can  l»e  instantly  shut  ott.  It 
rvciuires  do  lofty  stjurk  or  chimney  on  the  premlaes,  but,  in  addition  to  it« 
work,  purines  the  atmosphere  of  the  manufactory  by  the  fn-sh  oxygim 
constantly  introdnu'd ;  It  also  oe<.-npies  bnt  little  sjiaeu,  and  needs  only 
vHsual   uttwntlon.    Thi?   uioUve  power  is  compressed  :iir,  which  ntlf<r 


I  iniii  pi|>i.'s  is  Hiiiilly  iillowcil  to  psraiw  miliar  a  viibmeri^LXl 

r-wbefll  (lirtving  curvixilmckets)  where  itiei-xcpss  of  water  displjiced 

e  Dule  of  the  wtieol  over  that  ou  tbt^  other,  i-tuim-^  thivt  n'ulv  Ut  rite, 

I  with  u  (toiiHtniit  ll'iw  !}{  the  uir  tlK>  rututiori  is  n'tidei^d  uniform. 

r  gt-aring  ajipliBS  the  imiwm-,    The  actioQ  of  this  Ho-called  "hjdro- 

tjuainic"'  wheel  is  analo^ouA  to  that  of  an  nudei-shot  watr-r-wliwl, 

it  developed  more  useAil  etfert  in  rirtne  of  ittt  submergence,  tlie  tVielioa 

r  iKting  greatJy  rohieeil  anil  tJie  possibility  of  leakage  guanletl 

;  wuliM'  suiToiiiKling  the  wheel  is  cuutaiueil  by  a  tuuk  uuU 

i  rei)letii»hiiig  hh  cvapomtiou  takes  phioe.    Tlie  wheel  ou 

A  lovateil  in  the  rotunda  of  the  Ik'Igiau  unuex,  distance.  (HH) 

i  double-aeting  air-t'ompreasor  pump,  wbieh  is  lielted  fi-om 

tog  in  the  ULiin  building.     Fourteen  elbow«  ai-e  introflnrwl  in 

r  iiipe  for  the  purimae  of  ineieasiug  the  resistance  offered  the 

lib  diameter  of  Uic  pi|)e  is  Sj  iiiehes,  through  it  the  uir  flows  with  a 

>-of  104  feet  ]»er  secoml  under  a  pressure  of  3^  pounds  perstinare 

e  piston  of  (he  pump  is  2^f^inchesdiaineter,  and  makes 4(>dutibk> 

B  per  minute  of  27g  inclies  travel.    The  hydro-aero-dynaiuie  wheel 

A 10  inches  in  <liameter,  and  of  its  30  buckets,  13  are  continually  ]kt- 

■vlw.     Its  spei-d  is  six  reYubitiuns  jier  nunuto,  or  three  buek- 

r  necond,  ea<'h  of  which  receive  in  passing  the  supply  pipe  l.iH 

i  Ibot  of  air.    The  inventor  catimat^'s  the  i»ower  expended  (under 

i  conditions)  in  compressing  the  air  at  0^  horse-power,  and  that 

[  by  the  wheel  at  !'  horsepower,  or  at  a  loss  of  about  five 

It  is  cousidei-ed  tlnit  under  iuei-easetl  pressure  this  mnvbiue 

mh[e  of  transmitting  and  redeveloping  a  power  of  15  horses.    The 

1  offers  pecidiar  advuntages  in  conuettion  with  powder  mills  and 

clinic  establish  II  leuTs. 


CHAPTER  V. 


MARINE  ENGINES. 


OHEATBRiTAm— Engines  pnitTiii!  SArrno— Fiiaxck— Exgisbs  run  tub  now 

L'OcfeAN— EXCINES    Mil  THE  IKflS-ILAD    LGCEnilfellB— KKrilKKH    roB  TUB  Full 
tABti— UlMEK.SIONS  Of  TUB  B»(ilMK:)  PUB  TIIK  FRIEDI.AKO. 

la  the  comparatively  short  timo  tliiit  lm»  cliijisml  sinci'  tlit.-  Lotid< 
cxtiibitiuu,  but  slight  jwiviiiiot!  can  bu  oxiii-eUil  in  a  dfiiiulmcnt  iikc  iJi 
of  marine  f'URiia-ering,  whi-re  t\m  stnictim'tt  aro  orected  at  immense 
ami  in  the  event  of  failnre  atten<le<l  with  8iich  ilisiistitius  Ihianeial  resnil 
Yet  llie  present  esi)o»ition  is  not  wanfinR  in  signs  of  progreiw,     T 
priiieipal  eontnbntlond  ure  IVnm  (ireat  Itntiiiii,  Switzerhmt),  and  Fraiu 
ibat  of  tUe  latter  in  reniurkubly  ext^jnsive.    Switsu'riiind  is  repreiwnti 
by  a  large  paddle- wheel  engine  built  by  Messrs.  Eaeher,  Wyss  &  V-o. 
^tirieb,  for  the  Hliiue  oimgation  Bervie*.    It  has  two  inolinwl  din 
acting  parallel  cylinders,  constnieteil  on  thoWoolf  principle;  the  pillow 
block  IVames  tor  the  ei-iink  nliaft  rest  on  eight  wrought -iion  rod  s 
ports.     A  third  int^ruiedinlti  crank  operates  the  air  piunps,  whicb 
bolted  to  the  main  Itoriicontul  bedpIaU\    The  workuninship  Ih  faits  bi 
the  design  of  no  fpttcial  interest. 

I.— GUEAT  BKITAIN. 

ENGIXE8  FOR  THE   SArfllO. 

One  Burprisiug  feature  in  tbe  present  exposition  baj«  been  the  int 
ductiou  and  iMirformanoe  of  iDiirine  engines  niK-d  at  wveral  tbom 
lioree-jMtwer.  In  the  English  depurtuient  are  a  pair  of  direct  iietlug  trui 
engines,  a  supi-rb  piece  of  worknmiiiibip,  by  Messrs,  John  I'eiiii  &  tSon, 
Greenwich.  These  were  built  for  her  Miyesty's  ship  Sappho  and  wl 
develop  over  :i,000  horse-i>ower  when  catting  oft'  at  one  third  the  struk 
The  diameter  of  each  cylinder  is  lU  ineben;  astli('criiuksaredesit(ueil 
make  1H>  n-volutioas  per  minute-,  the  piston  upeed  will  be  o4U  fe4*U  Tl 
condensers  liave  a  tube  surface  of  5,(itH>8(|iiiire  feet,  and  n-ceive  their  idlt 

4Jug  water  f nun  two  wntrifngal  iinnijis  driven  by  inde|wniientengini 
|(8hiftiiig  link  motion  operates  Hi-'  itiaiu  Hlidi'voUtM,  b<-.-.id<-.->  these  tbf 

8  two  starting  valves  act  miicd  b_\  ioilcinndent  eccentrics.     The  emu 
ml  link  motion  are»cenriilel.v  biilariccil,t]ic  castings  beautifully  finishet 
cylinders  lagged  with  tualiogany  hdii  by  brnss  bands;  in  fact  each  pii 
tells  the  same  Ktory,  viz :  citreful  study,  good  taste,  and  sunmssing 
The  same  Ann  CJchibit  n  neat  enj;itie  for  a  twin  si-nsw  launch  us  w. 


i^sc  !,-=.:,-.ljjijuin.i|P 


■mulry  iiirHleIn  of  mnrint^  engines.  A  fine  twllwticm  of  thu  luttwr  in  Uic 
i«tra«  di-piirtiupnt  represents  tli«  i>rjwliw  of  the  following  inAkera: 
MMSr*.  Mnmlslay  Sinis  &  Field,  jjoinlon;  Wm,  Denny  &  Brotliors, 
ItinnlNirtori;  J.  &  (i.  K*Minit',  London;  Hiiraplirejs  &  Teitnant;  and 
Mi-Mtnu.  Hiirenliiil,  Uod);si)n  &  Co.,  of  Ijoiidon.  In  luldition  to  tlietiv  a 
i-lory  (if  tiip  changes  wUidi  Imve  tiiken  plaw?  in  tbe  royal  navy  muce 
II-  tiitradiiction  of  tlie  serew  iih  n  means  of  propulsion,  la  illUHtnitcd  by 
111  inU-rftHtiiig  cotleittion  of  105  models.  Tliesf  include  sliips  of  two  and 
iiirw?  (lf<rk»,  frigiUes,  wiivett^a, guii-b»at«i,  tugs, paddle  di»pa(eli, yttclit«, 
Inwp-sliip^  and  first,  se<H)u<l,  uud  tbini  class  iiitn-ulads. 
There  are  two  eiiginejt  for  twin  scww-latinclKUi  licsides  tUi*  one  eshib- 
ii'd  l»y  )(e8srd.  Peun.  Tile  first,  by  Messrs.  Mandslay,  has  a  regular  loco- 
iilive  ln>ilcr,  whose  funiaep-door  faces  the  bow  of  the  boat.  On  each 
.(.?  of  llie  fli-e-box  ai-e  bolted  two  inverted  cylinders  acting  diriHTlIy  on 

mtiksliafts.    These  are  rapable  of  yielding  40  horsw-jiower  wIh'd 

ii>'  i!ranks  are  ninnin^  at  <t.'tO  revotntious  per  minute.  The  total  weight 
i'li|r*l  to  a  launch  by  tliu  use  of  these  engines  Ls  abunt  7,000  pounds. 
I  111'  seeitnd,  by  Mi-sara.  Bennie^  1ms  the  additional  adrantiige  of  two  for- 
ic-  condensers  supplieil  witlj  water  by  small  eentrifugal  pumps  belt^ 
iriim  the  main  shatt.  I'he  necessity  of  carrying  tanks  filled  with  fivi^li 
l»  thus  avoi<led,  at  very  sUglit  saerifiee  of  space,  bnt  with  economy 
int  of  weight. 

11.— FRA>'CE. 

lA  rcKpcct  to  novelty  the  most  interesting  features  are  found  in  tlie 
Fi«-uch  departmenl.  Their  tyi>ical  fonu  is  that  of  three  horizontal  baek- 
iou  engines  phwetl  side  by  side,  which  exert  their  force  on  the  s;ime 
It-shaft,  re<'eiviug  first  the  steam  in  the  centnil  cylinder,  and  after- 
9dsex|iauding  it  in  those  atyacent.     This  principle  was  first  Intro- 
1  in  the  imi)erial  navy   by  M.  Dupuy  de  I^me.  the  director  of 
^riel  under  tlie  iiiini.Hlor  of  marine.    It  has  altwgtither  eight  illu^tra- 
(  in  the  K\p'witiori;  tlu-w  winsist  of  engines  of  great  magnitude, 
IliiarUi  of  only  Hie  n.ripixwating  piirts  sustained  in  like  manner  to 
«  of  a  skeleton  for  showing  their  relative  position  whea  in  ser- 
\f  ud  the  reniiiinder  a  collection  of  uejitly  executeil  models. 

>  discnssing  more  ftilly  this  representative  ty|)C  of  engine,  brief 
1  will  be  made  to  the  general  di-splay  of  the  department. 
a  main  building  are  thirtet^u  elaborately  fiaiHbed  models,  ten  of 
fcph  Were  contribut^rd  by  the  company  of  the  Mediterranean  Forges  and 
WripViinls.  office  2.S  Urn*  Notre  Dame  des  Vietoires,  Paris;  the  balnnee 
by  till-  ;:<>vernment  works  at  Indrt-t,  Messrs.  Schneider  &  Co.,  of  (.'reu- 
uoL.  have  at  much  e\i>eniw  erected  two  complete  engines  in  their  build- 
^^WwiUlin  Uie  luuk.  The  largest,  of  !C)0  nominal  burM>-[>nwer,  is  iden 
^^H^  in  principle,  th<mgh  differing  slightly  in  detail,  with  the  Imperial 
^^■oe  to  be  deiterlbed.  It  has  thn'e  cylinders  of  K:j^  inches  dlaiuQMj^ 
^HhI  Avt  .1^  ineh<-s  stroke.     The  »venige  number  of  revolutions  IVjflH 


at  55,  iind  iinticipaied  actual  powiT  at  ;J,SOO  lioiaeM.  After  ritiiuval  Troi 
tlit<  ExiMimtiori  it  will  lii'  rc-frentf^l  an  tlie  Ji-on-dail  frigate  L'ChM^'ai 
Till*  fiVMmil,  (li-Mi^r)(sl  for  tUl^  inmelail  rtiiu  Lt>  ('frlH-re.  i»  a  <Ioiil)ltM->' 
Uuk-r  l)iu.ik-H*'tii)ii  engiiu'  of  2(i.'i  nominaJ  lioi-flp-itowpr.  one  uf  a  pmr  ft 
twin  proiwUers,  yii'Winjt  in  IIk-  tijjdji-ogat*'  r»;«l  liori^c-iiower.  Bai;U  eyiii 
(ipr  is  4'i  inches  in  Uiamt-tor,  with  a  stnikc  <if  2  fvel  .'ij  iiii^ln*(t.  Tli 
pugiiie  wilt  W  wnrkpd  at  a  kik-c(1  of  88  ri-volntionw  \>t'r  uiinntv.  It 
next  in  ]«>iiif  uf  woi-knmiiiiliip  to  that  of  Mt-sMrn.  i'l-uii.  but  iiiort-  vma 
[)licuti-il  ill  lltftlelaiK 

I-'ortlH-'imrpost'of  i-xliaustiinji'flion.iiiik-livevy  jtippK  Uio  French  at 
cmuitivncinj;  tn  uiw.'  geanilcsf*  iiiUcil  i-0)ii»iT  1ul«?8,  wliicli  uiay  1*  Iwiit  t 
almost  any  dcsirpil  ciu'vu.  Tlit-  mo»t  coiiiiilct*^.  a»t<urtinfiit  in  tliut  < 
Mt'sio-H.  Kstivatit  Bros.,  71  Uiic  ilii  Ti-iiiiilf,  Paris,  varyiu|>!;  in  ttizu  fttii 
pipes  of  only  afcwindios  diamotiT  to  Ilioseof  llig  inciioK  uutsiilc  diHiiii 
W"!',  ^3  nf  an  inch  in  thicknoss  and  17  Iw't  in  lengtli,  Anotlirr  wa«  «I 
^rvitl  I2|  inchos  dianiot«r,  weighing  4S4  |K>nndH,  and  Ix'nt  to  a  righ 
ariKlc  n|N)ii  n  radiiiR  of  curvtilni-e  nf  alKiiit  311  iuflx'H.  Tlie  pn»c<wH  < 
iH^nding  was  ascertained  to  Ih-  iIh-  sinnc  as  tliiit  in  onlinitry  pra4'ti< 
with  pipes  of  smaller  diameter. 

?teiir  the  iutp<^rial  engim^  is  erne  of  45(1  nominal  horse-powiir. 
by  Metisra,  Mazelin(>,  of  Hihtp,  of  finp  workmanship.  Imt  willi  no  fiwiJil 
tial  difference  demanding  a  separate  dese-ripHon. 

Esni.NEK  OF  TnE  FKlKULASn. 

Tlie  rejin'sentntivo  enpno  was  hidlt  for  the  Rt«amer  Fiiedland,  lM>Iouf 
ing  to  the  imperial  na\'j',  at  the  government  works  of  Indret. 
I>een  erected  com)»let<>  in  all  its  [mrts  (save  ri'duced  boiler  poww)  with! 
one  of  the  buitding-s  liorderlng  the  river  Seine,  fitrni  wliivh  the  miiipl 
of  watiT  foi'  the  eondeuser  i«  drawn.  All  the  jiEirts  occupy  the  t 
relative  [xisition  to  eiU-h  other  that  they  will  when  located  on  fdiij 
iHiard.  The  main  shaft,  fltted  with  its  thrnstlteaiing  universal  jnitin 
elutoh.  brake,  and  pillow-blocks  transmits  motion  to  a  hratu  4-hlndo 
propeller  of  ID  feet  SJ  inches  diameter  and  28  feet  4§  inches  pltflh.  It 
l>1n4les  are  not  cast  nolid  on  the  hub.  but  secun-d  to  tlie  sinie  by  r 
of  large  jiivoti*  ent^-ring  siK-kits.  and  arraiigeil  to  admit  of  ai^nittmtil 
Steam  ij*  raiaed  in  the  Itoilers  e^-ery  morning  and  let  on  l>etwe<!n  th 
hours  of  12  and  .'i  ]i.  m.,  fcirnishing  therei>y  one  of  the  most  inatrtH 
tive  public  entertainmentj*  in  the  whole  KxjiOKition.  Fiiiia  ft  rflreft 
exanilnnllon  of  the  aeeora{Ninying  drawing*  It  i«  evident  that  thtiiojiglii 
it  virtnally  formed  by  bolting  together  threii  horizontal  Irack-nL'tii] 
eugineti  of  uniform  dimeusionH,  In  deserit>ing  the  action  of  tlio  ateai 
ntid  the  relation  of  the  parts,  it  will  lie  convenient  to  ivrnwilpr  III 
engine  at  working  in  the  forward  niotiuu,  and  U>  de^«igtlatc  it«<.*,TliE 
dem  as  middle,  <iR«t,and  M-i^'ond,  calling  that  nearest  the  l»on'of  t 
Bhtptlie  flrot.  The  end*  of  tlie  cylind.r-  iicmi-^i  the  eriinkmhaft  th 
fWmls.    The  steum  eulepi  through  i"i  ide.s  nf  the  flni 


.tdrnnil  i\vl imlci-n  ti>  tli«  stwnri  caws  Kiitrnti tiding   tite  »aiiiv,  ami 

I  Rliglitlj   K)i]icrli«Htvil  it  yittUls  up  si   i>urLioii  ul'  it;*  lii'iit  to  Iham 

Iliiviug  eircnlHU'il  aroiiinl  tUf^iu,  it  is  iiilmilled  througli  ivru 

valn-jt  tn  tlic5  ccntiiil  part  of  the  middle  <y]indpi-'H  v«lvi>.     It  will 

n't'd  that  pjiHi  ryliiider  ha«  a  large  D  slidt'-viilvi',  {I'iRa.  IHaiid  lit,) 


It  firsl  «Di]  second  cj'lindcn. 
Fiff.   19. 


r- — -'°— 


VsItb  iif    llio  liiiilil])!  cjlinJar. 

leroDtral  ixirtimi  a/irfiyt  i>erforiiis  the (>tKr4>uf  admitting  aiid  rutting 

B  Bteam:  hi'iiw  the  lap  oeciirs  on  tlie  inside  tt(  tin'  valvu:  its  onti-r 

■  iegn1aling(lK-(^'xbai]t«taivIiiiii  and  line  witli  Mic  edgOH  uf  t]iv  |H>rlM. 

1  lliii)  n.'i'('i>tuclf  it  i-ntcra  tli«  iniddU>  rjlindcr,  fiiim  which  it  in  cat 

•  tlic  iiiston  ha«  coioplfttHl  j^^  of  its  stroke,    AVhpn  the  pinton 

It  Ul  within  .},^  of  a  rompleic  stnike,  this  ftenni  in  rrk-niH'd  and  mu- 

stovihanHt  tliroiigliinit  lUnio^t  Ihet'ntitv  ivtum  ulroko.    Instead  of 

iug  lo  thi'  ciMnlciiwr  it  first  entoiT*  cylindtT  No.  1,  (when  Itack- 

■So.  2,i  where  it  t-ontinncs  px|iiiiidiiig  until  the  vjilvo  of  No.  1  cut^'^ 

tthe  J  stroke  mark.     Hut  (iii'viont^  to  this  ociiirivnt-c  the  valvt^  of 

eNo.  2  oiicnn,  and  the  i'x|iiiiision  got-son  sitmill4ini.-onHl,v  in  Iwth 

This  «ln)flv  fxhnnst  is  not  pormilti-d  to  complet*!  thf  J  stroke 

I,  hut  t'it'<-iv4;s  aid  ut  its  g  point  on  us  far  as  tlt<<  thn-e  iiuiirtcrs 

if  frotu  thf  stvani,  wliicdi  tlnni  hrginH  to  exhanst  fnnn  the  op]K)sil« 

|oC  Ili4>  luidtUe  cylinder.     Finally,  the  Htcani  cllticts  its  ewnixi  fro 

\  IdtKl  'J  to  the  Jot  coudeiiMcrs  pla<-ed  oppt>.sil<;  thi-jui  rylintle 
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having  only  two  of  these,  ample  intermediate  space  is  left  for  attcinding 
to  the  cross-heads  and  their  connections.  For  a  clear  understanding  of 
how  these  changes  are  effected,  the  dimensions  of  the  valves  must  be 
examined,  the  means  by  which  they  are  moved,  as  well  as  the  inherent 
peculiarities  which  arise  from  the  irregularities  of  the  crank's  motion. 
On  the  first  point  the  following  table  will  be  found  of  assistance: 

Table  of  dimensions  of  parts  of  the  engines  of  the  Friedland. 


Parts. 


Diameter  of  cylinder 

Stroke  of  piston 

Cat  off  of  Hteam,  firont  end. 
Cat  off  of  steam,  back  end. 

Arerage  cut  off 

Travel  of  valve 

Distance  between  ports — 

Width  of  ports 

Inside  lap,  firont  end 

InaMe  lap,  back  end 

OatMe  lap 


Extreme  cylinders. 

Middle 
cylinder. 

Jncket. 

Ineket, 

821M6 
51i  also  51i 
421  also  42i 
37i  also  37 1 

78-100 
19  1116  also  19  23-32 

8211-16 
51i 
47f 
44f 

9-tO 
19  1M6 

24   3-32 

24    3-32 

615-16 

6  15  16 

3   9-16 

11316 

4 
0 

0 

60  revolations,  512  feet  piston  speed. 

The  main  shaft  is  forged  with  three  cranks,  to  which  the  connecting- 
rods  from  the  cross-heads  are  respectively  attached ;  immediately  over 
it  lies  the  valve  stem  shaft  with  its  three  cranks,  which  receives  motion 

Fig.  20. 


ta^>" 

Diagram  of  potitioiif  of  main  and  valve  cranks. 


Hkntllie  former  through  twn  s)mr-whepl8,  whose  piti;h  cin'l^'H  are  each 
HU-inohejt  riiametev.  The  main  cniiiks  nrv  not  nrritiigeil  fur  ijlviding  the 
Hide  into  |mrt8  tif  12(P  (^tu;ll,  hut  nitber  into  itortioiis  of  Vi'fi,  UfP,  nnil 
^Ko,  {hoc  Vie-  '-i^')  it>  vhii:h  9(P  n>iin-«(riits  thu  arc  betwi^i^'ii  t\u\  crunks 
^Keylinilvrs  1  anil  2,  aiid  l.tS^  (equiil  ta  threp-fourths  of  a  (M^aiicircle)  the 
He  l»etwi>eo  tlie  crank  of  tlie  middle  cylinder  and  luu-h  uf  the  adjoiiiiii); 
Hues.  ThiH  i»  also  true  of  t\its  valvo-crnnks,  wh<i»e  divisionK  are  lii'^, 
■f,  «]id  I2B°;  the  lattt't  are  inchuli-a  tlie  siiiice  between  the  uuddlc  t-yl- 
^■erautt  S».  1 ;  144°  bctwei>n  the  Kame  uud  No.  2.  If  it  weiv  simiil.v 
^■Denary  for  tbe  L-ii^tnc  to  run  iu  one  directiou,  the  valv«  stem  isbafl 
^Bglit  be  kcj'fd  to  tbe  spur-gear  at  its  exti-emity,  with  a  certuin  aiuouut 
^■BngaUir  advance.  For  running  the  engine  in  an  oppoHitedireetiou, 
^■s  advance  must  W-  reversed.  This  is  aecomiilished  Ity  allowing  the 
^ftr-whe«I  to  run  loosely  on  the  valve-shaft,  making  its  action  on  tbe 
^Kda  Buhservient  to  that  of  a  crank -pin,  wlio.st^  crank  arm  bears  against 
^■ftslde  of  the  wheel  and  is  keyed  lirmly  to  the  shaft.  Tbe  range  in  are  of 
^fcplit  equals  114° ;  itsraotiou  is  rcgulati.-d  by  thirt^'CQ  teeth  st<-iir(^d  to  the 
^Hicrsideof  the  slot  tod  arc,  which  mtMh  with  a  pinion  on  the  erank-piu.  A 
^■bU  spur-wheel  is  ca^t  on  one  aide  of  the  pinion,  which  works  witli  a 
^feond  pinion  on  the  overhanging  end  of  the  valve  stem  shaft,  gonring 
Hnll  it  in  the  ratio  of  ^^j^  to  1.  It  only  rc<iuires  3|  revolutions  uf  tbe 
^Htoer  pinion  for  producing  a  traverse  in  arc  of  114°  by  tbe  crank-pin. 
^be  pinion  is  fastened  to  a  hand-wheel  iSJ  inches  diameter ;  by  rotating 
^■bIJ-J  times,  the  engine  is  thrown  from  working  full-gear  furwnrdinto 
UfiA-gcar,  and  by  (hiable  the  number  of  revolutions  from  full  gear  for- 
^nrd  to  full  gear  hark.  A  »mall  locking  hand-wheel  prevents  any  aeci- 
Khpt*!  rotnlion  of  the  large  one. 

H  Tbo  following  method  is  observed  in  at^justing  the  startingerank 
"■nn:  tlrst  bring  the  main  and  valve-crank  arms  of  cylinder  No,  2  to 
their  front  or  bark  di-iid  cenliTs,  then  ent*rthc  large  spur-gear  in  such 
anianiier  on  the  v;ihe-sluitt  that  the  cent ["al  radius  of  the  slotted  aix; 
will  alio  be  on  ihe  santc  (lend  center;  finally,  having  brought  the  start- 
ing-arm of  the  valve  shaft  to  the  same  center,  key  it  flrudy  to  the  shaft. 
The  use  of  a  crank  motion  for  operating  the  valves  occasions  several 
irregularities  in  their  action,  which  are  in  a  measure  niitigatetl  by  ad- 
justments in  lap  and  angularity.  For  instance,  the  motion  of  the  valves 
Iteing  (|MicLer  over  the  back  ports  of  the  cylinder  than  over  the  fi-ont, 
their  inside  lap  for  the  back  end  is  nmd«  to  exceed  that  for  the  latter 
by  an  amount  given  in  the  table.  Also  the  cut-off,  for  like  reason, 
11  wis  the  piston  farther  advanced  on  its  haekward  stroke  than  it  ditcs 
DO  tin- forward.    Again,  the  are  included  l»etween  the  valve-erank  of 

'I 'Itldle  cylinder  and   that  of  No.  1,  Is  inereaseil  from  Ur>o  (the 

:    between   the  crunks  of  their  Tnain-shaft]  to  144°,  a  ilitVi'ifuce 
'  I' the puriHMC  of  hriugiug  the  lend,  jioint  of  cutoff,  and  cxbunat^ 

- I'  utly  late  in  the  stroke  to  meet  the  i-equiremenla 

cj-liiiders.     When  running  in  ftill  gear,  the  pislotis  have  but  litt 
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ioning,  so  that  any  attempt  to  effect  an  earlier  cut-off  must  be  atte 
with  an  increase  of  the  same.  The  accompanying  analytical  sket( 
the  valve  motion  (Fig.  20)  will  assist  a  closer  examination  of  this  syis 
In  conclusion,  it  will  be  observed  that  the  immediate  advantages  ar 
from  its  adoption  are  a  perfectly  uniform  rotary  motion  of  the 
peller  shaft,  (without  the  introduction  of  counter  weights,)  an  c 
tive  expansion  in  cylinders'surrounded  by  superheated  steam,  great 
plieity  and  interchangeability  of  the  parts,  as  well  as  an  imm 
strength  due  to  the  cellular  character  of  their  arraiigemout.  It 
already  met  with  much  favor  in  France,  which  fact,  considered  in 
light  of  its  many  novelties,  fairly  entitles  the  subject  to  a  most  thoi 
ful  consideration.^ 

[  >  Elaborate  drawings  of  the  engines  of  the  Friedland  were  submitted  hy  Commisi 
Auchincloss,  with  his  report,  and  are  deposited  in  the  library  of  the  State  Departmi 
Editor.] 
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EXTENT    or   Till-:    EXHIBITION    IX   CLASS    SIXTV-FIVE. 

€3Uu(8fir><irtlJC  Esiiosituiii  iticliulerl  "Civil  Engiiiccring,  Public  Worke, 
art  ArcUitwIiirp,''  It  is  not  iirojiosetl  to  give  iii  tbese  imgi's  »  full  unci 
>«riim.'Iwii»ivi^  rt'IK)rt  Tipon  tliis  clnxs.  The  desigu  has  Iweii  especially 
»  iintict"  tlif  exhibition,  bv  the  Uoaril  of  Public  Works  of  Chicngw,  of  Ilif 
l2«iiK  anil  details  of  tbe  Chicngo  iake-irat^r  tunnel,  of  wliit-li  no  «<le- 
i»«le  tlpscriplion  a])|»'ai's  to  lin^e  been  {jivon  in  tlie  rejHirls  upon  the 
<?ci)ofution.  In  iidilition,  a  few  of  the  notes  upon  sonm  of  tlie  otlier 
'vimrtDnt  iiml  sti'il%iii^'  exhibitions  iu  the  Rituio  class  liavu  iH-rn  written 
nx  uml  amplified  1>y  the  aid  uf  publications  rcoeiveil  nince  the  close  of 
*«  Exposition,  Some  depxrtnients  of  the  subjeet  have  already  been 
it*tjce«l  in  more  or  less  of  det'nil  in  tlip  other  reports  of  this  serie*.  For 
iiuple,  iJie  jnereAtiiiig  imeof  Coiffiiet's  anglomcnited  bt^tou  inconstnic- 
*»i,  lUid  the  methods  of  pnvingin  Paris  >TitIi  asphalt  and  with  bitumen, 
»»ve  btfu  carefully  described  in  the  reiwrts  made  by  Messrs.  Ijeonard 
'*»«J  Arthur  Ueckwith.  Some  observations  ni>on  the  railways  of  France 
tl  be  fonnrl  in  the  general  re|mrl,  and  some  of  the  building  materials 
'*>»notice<l  In  the  report  by  C(inimi*!»ioner  Bowen.  An  adequate  notice  of 
extremely  rich  and  vfined  display  of  materials  nswl  in  the  construction 
'*"    gi-eut  public,  works  would  alone   form  a  volnme  far  exceeding  the 

>ait«  allowed  for  this  memorandum.  Such  materials  include  not  only 
'H  t-arieties  of  otone,  frnm  firanite  to  the  ornamental  mnrblesj  but  nior- 
*»:n,  cements,  artificial  stones,  bricks,  and  tiles,  east  and  wrought  irou 
l*  rarions  forms,  zinc  and  other  metals,  wood,  &k. 

^er>'  interesting  and  valuable  rejiorts  have  been  made  by  the  French 
'*>«1  British  eoninii-isions  njMtn  all  these  materials.  One  by  I*rof.  De- 
lV4«)v  will  be  found  iu  Tonu-  X  of  the  Reports  of  the  International  Jury ; 

'*i«  by  Captain  Poiisonby  Cox,  11.  K.,  upon  "Civil  Engineering,"  in  Vol. 

V"«f  ilie  Itritish  Kepor(>4;  and  npou  "  Uuies  and  IlydrauUc  Cements," 
^J- lieutenant  Colonel  Si-ott,  IE.  K.,  in  tbe  same  volnme.  iioads  and 
**tid);eA,  and  iuteriml  navigation,  fonndathms,  and  various  special 
**igiiK*rlug  opcr.ilions  have  l)een  elalxtrately  ivixHted  njion  iiy  Uanui  K. 

butulv,  of  the  luU-riiiilional  Jury. 

KXHlBtTION  OF  J1'»1»EUS  AND  UttAWINHS  HY  KBAXl'H. 

The  nOMt  complete  and  comprvlieusive  exhibition  iu  this  class  wiut 
SuhIc  by  the  minister  of  public  work;*  of  FruDcc.  It  was  unrt^tdetl 
br  it«  vxiL'ut,  tulirn-sl,  and  value,  and  included  models.  <m  a  Urge  sc-alv. 
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of  bridges,  canals,  forts,  docks,  light -houses,  &c.,  and  was  accompanied 
by  complete  drawings  and  explanations.  Some  of  the  most  striking  of 
these  objects  were  the  model  of  the  great  arched  bridge  at  St.  Sauvenr, 
the  Napoleon  bridge  in  the  High  Pyrenees,  (scale  ^j,)  the  foundations  of 
Fort  Chavagnac  at  Cherbourg,  and  the  light-house  de  la  Banche,  with 
sections  showing  in  detail  the  arrangement  of  the  interior. 

In  regard  to  the  excellence  of  the  representations  of  civil  engineering 
in  the  French  section,  and  the  general  inadequacy  of  the  exhibition 
from  other  countries,  Captain  Ponsonby  Cox,  E.  E.,  observes  as  fol- 
lows: 

"Although  there  is  no  science  which  has  given  to  the  world  such  im- 
portant practical  results  within  the  last  few  years  as  that  of  civil  engi- 
neering, and  though  there  is  probably  none  which  has  made  more  real 
scientific  progress,  its  recent  progress  and  later  results  are  far  from  be- 
ing adequately  represent-ed  in  the  Exposition  of  1867. 

"  In  the  French  section  only  is  there  a  satisfactory  exhibition  in  engi- 
neering proper;  the  other  European  nations,  as  well  as  the  XJniteil 
States  of  America,  are  but  slightly  represented ;  our  own  country  can 
hardly  be  said  to  be  represented  at  all.  This  is  much  to  be  regretted, 
for  undoubtedly  a  well-assorted  collection  of  models  or  drawings  of  the 
most  important  engineering  works  scattered  all  over  the  world,  whicli 
are  due  to  the  energy  and  skill  displayed  by  English  engineers  within 
the  last  few  years,  would,  if  placed  side  by  side  with  the  magnificent 
collection  of  models  and  plans  in  the  French  section,  have  formed  an 
exhibition  most  interesting  and  instructive,  and  would  have  added  much 
to  the  available  knowledge  of  the  civil  engineering  of  the  world,  and 
saved  much  of  the  labor  thrown  away  in  re-inventing.  From  this  point 
of  view  the  Paris  Exposition  cannot  but  be  looked  upon  as  a  grciit  op- 
portunity lost.  The  public  works  of  London  alone  might  have  supplied 
admirable  examples  in  the  great  railway  stations  and  river  bridges  re- 
cently constructed,  as  well  as  the  works  connected  with  the  main  drain- 
age and  the  Thames  embankment.  The  materials  for  a  good  display 
exist,  no  doubt,  in  the  works  of  Great  Britain  and  her  colonies,  but  we 
do  not  possess,  (nor  does  any  other  nation  possess,)  for  tabulating  these 
materials,  such  a  machinery  as  France  has  in  her  establishment  *  des 
Ponts  et  ( 'haussees,'  her  *  Ecole  des  Mines,' '  des  Arts  et  Metiers,'  &c.^ 

PROGRESS  SINCE   1855. 

Baron  Baude,  member  of  the  committee  of  admission  of  Class  65,  wlio 
prepared  the  introduction  to  the  class  catalogue,  points  out  among  the 
principal  technical  improvements  realized  since  1855 :  1.  The  progress 
made  in  the  trades  of  hydraulic  lime,  cements,  artificial  stones,  lot- 
teries, slate,  and  asphalts,  and  in  that  of  hammered  metal  applied  to 
the  preservation  and  decoration  of  roofisu  2.  The  increase  in  the  use 
'of  metal  structures,  which  are  more  and  more  appreciated  every  day. 
3.  The  increase  in  the  number  of  machines  employed  in  working  wood 


r  joiners  aiid  other  work.  i.  The  coiisUntly  iiiereasing  npplication  of 
fsompressed  air  in  pliiras  (ieep  and  difficult  of  areeas.  5.  The  ingeiiions 
metliods  of  lifting  heavy  hridges,  viaduuttt,  niid  other  metallic  works. 
0,  The  Dew  system  of  movable  dams.  7.  The  recently  invented  and 
[Miwerfiil  dredging  apparatun.  8.  The  application  of  electricity  tt>  light- 
houses, and  the  new  w>mI)iD)itiona  made  with  a  new  to  assist  naviga- 
tion, among  whieli  may  be  reckoned  the  creation  of  a  system  of  coast 
semaphores. 

t  PUBLIC  WORKS  OF  SPAIN. 

A  very  interesting  exhibition  of  models  of  tlie  principal  jmblic  works 
^.{IpBin  was  made  by  the  Board  of  Direction  of  Pnblic  Works,  aud 
■8  accompanied  by  a  memoir  giving  a  short  notice  of  eacii  model  and 
'general  notice  of  the  condition  of  the  public  works  in  Spain,  and  of  the 
'  special  laws  and  rcgulationsunder  which  they  are  executed'.    Thecollec- 
tiuu  contained  numerous  models  of  light'bouses,  models  of  machines  and 
wiigonsused  in  the  construction  of  the  port  of  Graode  Valencia;  models 
of  the  poit  of  Tarragona;  of  the  jetties  of  the  port  of  Corogne  ;  of  the 
Sima  a(iuedu(;t  upon  the  canal  of  Isabel  II;  and  of  various  bridges,  res- 
cn'oira,  aqueducts,  and  machines  used  in  the  execution  of  extensive 
^>  public  works.    It  was  also  accompanied  by  six  volumes  of  photographs 
^■ftf  the  must  remarkable  of  the  public  works  of  Spain. 


II.— MATERIALS  FOH  COXSTRUCTION. 
GRANITES,  PORrUYRIES,  JASPERS,  AND  MARBLES. 


Among  the  hard  stones  worked  in  France  are  the  syenites,  granites, 
linid  pori>liyrie8  of  the  Vosges,  the  green  raelaphyre  of  Tournay,  the 
;^nites  and  pr  itogines  of  Minit  Blanc.  The  jaspers  of  St.  Gervais, 
near  Mont  Blanc,  are  attracting  much  attention  for  their  bennty  and 
novelty.  The  qnantity  is  snpi>osed  to  be  inexhaustible,  and  bkx^ks  of 
[e  size  are  obtaineti.  The  rock  is  Ltelieved  to  result  from  the  meta. 
iltism  of  a  bed  of  sandstone  of  the  Triassie  period, 
it  is  banded  aud  breuciform  in  structure,  and  presents  a  great  variety 
of  colors  moat  capriciously  miugle<I,  the  most  t;onspicuons  being  lilwid- 
reil,  lose,  and  green.  It  is  traver8e{l  by  veins  of  white  ipnirtz.  These 
beautiful  jaspers  were  represented  at  the  Exposition  by  two  splendid 
inliitniLs  at  tlie  entrance  of  the  glass-house  for  the  equatorial  plants. 
SiiniUir  L-(ilum»s  have  been  idaeed  in  the  new  opera  house.  The  cost  of 
the  stone  is  Ij.'KtO  fi-aues  the  cubic  metre  at  the  quairy,  and  2.(KK)  franca 
delivered  tii  Paris,  but  it  is  sup[>ose(l  that  when  the  (jiiarry  is  fally 
led  the  price  will  be  reilnced. 


novel! 

^^ti: 


ir  111  IrjpslHtmn  H[«5riHli:  qui 
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Of  marbles,  France  has  a  bountiful  supply.  They  are  obtaii  meil 
chiefly  in  the  Yosges,  the  Alps,  and  Pyrenees,  and  from  Boulogne  and  ^fche 
Jura.  Quarries  at  the  last-named  locality  are  regularly  worked  oi  m  a 
large  scale  and  blocks  are  furnished  at  low  prices. 

The  French  section  contained  a  great  many  beautiful  marble  colunrBiis 
designed  for  the  new  opera  house.  The  marbles  came  from  the  qm  «r- 
ries  of  Sarrancolin,  (Hautes- Pyrenees,)  St.  Beat,  (Haute-Garonne,)  Ife. 
lines,  (Ilerault,)  St.  Antonin,  (Bouches-du  Khone,)  Porcieux,  (Var,)  *r«n- 
mont,  (Nord.) 

According  to  the  French  customs  returns,  the  exportation  of  Freii<*b 
marble,  which  was  valued  at  onl^'  3.10,405  francs  in  1855,  constantly 
increased  until  the  value  had  reached  1,140,270  francs  in  18G6.  The  im- 
portation of  marble  has  also  increased  regularly  during  the  same  time, 
being  valued  at  1.038,271  francs  in  1855,  and  at  2,357,115  francs  in 
1860.  The  disposition  to  use  marble  in  construction  is  increasing  in 
France. 

The  following  figures  show  the  prices  in  francs  per  cubic  metre  of  the 
marbles  most  in  use  in  France  during  1807.  These  figures  and  the  pre- 
ceding relfiting  to  the  marble  industry  of  France  are  compiled  from  the 
report  of  Prof.  Delesse: 

Sarrancolin 1, 012 

Campan  melange  and  Campan  vert • 1, 232 

Rose  clair 702 

Griottc  d'ltalie :. 1,012 

Griotte  ceil  de  perdrix 1,117 

Languedoc 792 

Breche  imperiale 682 

Vert  de  Maurin.  (serpentine) 1, 122 

Brocatelle  jaune,  violette  ou  jaune  fleurie 847 

Sarrancolin  de  Touest 572 

Henriette 627 

Noir  fran^'aise 374 

The  display  of  marbles  from  Italy  was  i>eculiarly  fine,  remarkable 
alike  for  the  beauty  of  the  material  and  for  the  liberality  and  taste  dis- 
played in  the  selection  of  the  si)ecimens.  They  were  in  blocks  a  foot 
scpiare  and  beautifully  polished.  The  Institute  Technico  de  Firenzealso 
sent  a  splendid  series  of  specimens  of  all  varieties  of  the  Italian  build- 
ing stones,  among  them  a  series  of  sixty  polished  blocks  of  seri>entine 
of  as  many  ditt'erent  shades  and  colors. 

From  Algeria  there  was  a  fine  collection  of  some  four  hundred  speci- 
mens, in  cubes  measuring  six  inches  on  a  side,  of  the  building  stones  of 
that  country.  These  were  collected  by  the  "Service  du  genie  militaiiv  : 
des  i)onts  et  chaussees."  The  series  contained  a  great  variety  of  marbles, 
among  them  the  biniutiful  light-colored  "  onyx  marble,"  so-called,  now 
much  prized  and  used  for  interior  decoration  in  France. 
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Belgium  is  extremely  rich  in  marble  of  various  colors,  particularly 
the  much  esteemed  black  marbles.  They  are  obtained  in  the  provinces 
of  Namur,  Lie^e,  and  of  Hainaut.  Of  the  blaek  marbles  those  of  Den^e 
and  of  Furnaux  are  much  exported  to  France,  Germany,  and  Italy.  The 
fine  black  marble  of  Golzinnes  is  neariy  all  sent  to  Paris.  The  black 
marble  fn>in  the  quarries  of  Peruwelz  and  of  Basecles  (llainaut)  is  very 
solid,  and  is  exported  in  considerable  quantities  to  all  parts  of  Europe 
and  to  America. 

There  are  ninety  marble  quarries  in  the  province  of  Xamur;  they 
employ  nearly  eig:ht  hundred  and  six  men,  and  the  value  of  the  annual 
production  is  estimated  at  eight  hundred  and  sixty  thousand  francs. 
Tlie  quarries  of  Wellin  yield  nearly  four  hundred  cubic  metres  ef  nmrble 
annually,  of  a  value  of  forty  thoUvSand  francs.  It  is  estimated  that 
not  less  than  three  million  francs  of  capital  is  invested  in  the  marble 
indu    ry  of  the  province  of  Xamur  alone. 

But  Belgium  is  rich  in  (pmrries  of  all  kinds  of  building  stones,  not 
only  uuirbles,  but  granite,  paving  stones,  sandstone,  slates,  &c.,  as  will 
be  seen  from  the  annexed  tabular  statement  of  the  number  of  quarries 
and  value  of  their  products  in  the  year  1804.^ 

ProducHon  of  stone  for  the  purposen  of  eonstnietion  in  Belgium^  in  18C4. 


rnivinocH. 


Hainant 

Xauiiir 

Liejri' 

BraUaiit 

LnxcnilMHir^ 
Linibouru 


Totals* 


No.  of 

Xo.  of 

Value  of  the 

qiianic^. 

workmen. 

product  H. 

Frane*. 

463 

10,419 

13,445.940 

763    • 

4,0-^0 

4,  424,  897 

280 

2.248 

1.  868,  670 

139 

1.893 

1. 933.  200 

106 

1,32b 

1, 0H5,  897 

i:) 

51 

11.875 

1,764 

19,959 

22.  770,  479 

The  marbles  of  Algeria  were  well  represented  at  the  Exposition,  par- 
ticularly the  *' marbh*  onyx'^  from  (piarries  worked  formerly  by  the 
Romans.  It  is  beautifully  veined  in  parallel  layers  like  onyx,  and  appears 
to  be  of  stalagmitic  origin.  It  resembles  the  Mexican  stalagmitic  marble. 
Fine  specimens  of  onyx  mnrble  were  shown  also  in  the  Kussian  section. 

From  Scotland  and  from  Cornwall  there  were  several  very  finely 
wnmght  specimens  of  granite,  and  from  Sweden  a  fine  disj)lay  of  the 
porphyry  of  Elfdalen.  In  the  Bavarian  section  there  were  two  fine  va8i\s 
of  a  green  dioritic  pori)hyry. 

The  A>Howing  table  shows  the  weight  per  cubic  metre  of  some  of  the 
various  stones  employed  in  the  construction  of  the  new  (irand  Opera 
House  of  Paris,  and  the  pressure  per  square  centimetre  which  each  will 
sustain  before  crushing. 


^  From  the  Catalo^^ie  dee  produits  industrielB  et  des  oeuvreB  d'art,  section  BelgiQ>** 


10 


PARIS   UNIVERSAL   EXPOSITION. 


Weight  and  streiUfth  of  some  of  the  varieties  of  stones  used  in  the  construc- 
tion of  the  Grand  Opera  House. 


Description  of  stono  and  locality. 


Weight. 


Cnuhing 
Weight. 


Janper  of  Mont  Elanc,  St.  Gervaig 

Brown  granitoid  porphyry,  BazochcB 

(ireeu  |>orpliyry,  (melaphjTe) 

Red  };ranitcid  prophyry,  Antun 

Porphyroidal  fn'aiiite,  St.  Martin  dn  Poy  — 

Micaceons  granitic,  Lorme« 

Red  Hyenite,  Servanco 

Syenite,  (**  fenille-morte,")  Servance 

Porphyroitlal  granite,  Servance 

Marble,  ("  nangiiin,")  Sampans,  Jura 

Marble,  (violace) 

Pierre  de  Damparis,  Jura 

Pierre  dc  TEchaillon,  Comniuue  de  Rivit^re 

White  Echaillon,  St.  Quentin 

Yellow  Echaillon,  Lignet 

Rose-eolored  Echaillon 

Pierre  de  Austrude,  Yonne 

Soft  stone,  Yonne 

Pierre  de  Ravi^res 

Gr^s  bizarre,  Lutzelbourg 


3,716 

l,8» 

2,585 

1,487 

2,855 

1.111 

2,585 

1.086 

2,507 

1.077 

2,694 

1,077 

2.654 

901 

2,683 

mj 

2,643 

715 

2,637 

LOW 

2,663 

994 

2.683 

898 

2.726 

8SS 

2,529 

781 

2,686 

777 

2,472 

60(t 

2,201 

365 

2,161 

369 

2,157 

377 

2.130 

215 

CEMENTS  AND  ARTIFICIAL  STONES. 

Cements  were  exhibited  in  great  variety  from  France  and  Belgium, 
not  only  in  the  cnide  and  commercial  state,  but  worked  up  into  various 
objects  and  molded  into  blocks  of  a  form  suited  for  testing  by  pressure 
and  weighting. 

One  of  the  most  interesting  displays  was  made  by  the  French  Cement 
Company  of  Boulognesiu^-Mer,  which  received  a  gohl  medal.  An  appar- 
atus for  testing  the  strength  of  cements  was  included  in  their  exhibi- 
tion. Blocks  of  the  hardened  cement,  about  eight  inches  long  and 
shaped  like  a  stout  letter  I,  were  placed  between  strong  iron  clamps, 
and  made  to  form  a  link  in  the  chain  by  which  a  heavy  platform  was 
suspended.  Upon  this  platform  below,  heavy  weights  were  piled  nejirly 
to  the  limit  of  the  strength  of  the  slender  neck  of  the  cement  block.  One 
of  these  blocks,  formed  of  four  volumes  of  sand  and  one  of  cement,  and 
one  and  a  half  inch  square,  sustained  a  strain  of  nine  hundred  kilo- 
grammes. Another  one,  four  inches  square,  composed  of  two  volumes  of 
sand  and  one  volume  of  cement,  sustained  a  weight  of  twelve  huudreil 
kilogrammes.  The  sand  used  in  these  experimental  blocks  was  ver>' 
coarse,  nearly  as  large  as  beans  or  peas.  Another  method  of  show- 
ing  the  strength  of  their  cement  was  by  building  a  column  of  brick-work 
about  six  feet  long,  extended  horizontally  like  an  arm,  and  8U])porte<l 
at  one  end  only. 

This  cement  is  artificially  prepared  by  mixing  intimately  and  with  gi*eat 
care  70 J  |>ercent.  of  carlwnat©  <rf  lime,  in  powder,  with  20^  of  clay,  and 
then  burning  at  a  high  tempcratme.    There  are  now  maii^y  establish* 


iBt9  in  Fniin'i',  !*ni»siii,  Oi-rrniuiy,  Aiistriii,  ami  Itim.'sia,  wlierc  i-nor- 

quiiiititii'-:  ul'  t.>xi'L-1k'iit   (.-(.'tiiciit  aiv  nmiiut'u<-tiiiT'il.      In   one  of 

I  e!ttnl>liit)iiiH-iit»  I'ui'iiUy  xtartud   in  Fmiict^',  at  I'ouitly,  tiK' im-tlKxl 

uisl!i  ill  crushing  toRetlHT  two  kind«  of  aruillacL'ous  liine>toni>  from 

t  Lias ;  one  dnitaining  43.15  ptr  cont.  of  limp,  the  other  a  belemiiitif 

lFSton(>^  wliich  t-nntiiiiiK48  per  cent,  of  lime.  The  Hrst  given  tlio  ceueiit 

uostJie  }'onilly,  «nil  the  intimiilt^' mixture  of  tlie  two  jjives  iicetueut 

I  thr  u]m|)i>8ition  of  the   I'ortlaiiil  e«ruent.    An   »t\a\yfii»  of  thin 

mt  givivi  the  following  result: 

;. (Ki.mt 

•ii.m 

n.r,(i 

riron 5..^ 

r  and  ctirlwuic  acid 1 .  (H) 

t«  of  limo .-  triK-cH, 

'.,  DclMiftp  gives  the  residte  of  eome  recent  analj  ws  of  Portlimd 
BJt  hy  Br.  Zuii-ck,  of  Berlin,  as  follows;  three  samples  fame  from  the 
fbcipill  vrorkg  for  the  manufacture  in  Knglaud,  and  the  fourth  from 
B  Mtablfshmeut  of  the  Brtrthera  Mcnkow,  at  Schwerin : 

Analyses  af  four  samples  of  Portland  cement. 


RoUu-  Wtitta  Dnn. 


B  VicAt  ce'Jient  ii«  much  more  iiaeil  in  Frauce  now  thtiu  fonuerly. 

U'tured  on  iv  large  scale  by  Mr.  Josegdi  Vii-al,  a  graduate  of 

\  ficule  l*ol.vt4'elinii|ue,  unil  the  son  of  the  celebratt'd  I'ugiiieer.     He 

PBs  u  pa»t«'  with  clay  and  slaked  lime  iu  pou'der.    Tliis  is  nuulo  into 

koB,  which  soon  set  and  banlen  so  that  they  arc  not  iivJuitHl  Uy  the 

■,  iind  do  not  n'<]nire  hoiming  or  artificial  drying,  as  is  the  case 

I  iinbiinied  in»l<Tlals  iirc  iixetl.    These  loaves  are   then   hurue*!. 

I  Is  Milisinnlijdiy  the  prm-cKM  Inventtnl  by  his  father.     M.  lieU-itM- 

vvsiif  the  i|ualitii-!(  t>f  this  cement,  ihiU   it   in  houiogeneou:<,  the 

H  iH'ilig  ill  perfect  combination  ;  the  clay  lk  eUiiligitl  iulo  Milictttc, 

L  is   comjiletely  decompost-d  without    rfsidue    in  a   dilnd?  uci<L 

n|c  i9  Hbiw  and  dtx's  not  conimenee  for  several  hours  alter  tho 

HUtuilar.    Hie  weight  of  thi^  cement  pulveriiHHt,  bat  iiiit  cmui. 
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pacted  by  ramming,   varies  from  thirteen  to  fourteen  hundred  kilo- 
grammes to  the  cubic  metre. 

Some  interesting  applications  of  this  cement  were  shown.  It  is  used 
for  making  artificial  breccias  by  mixing  it  with  fragments  of  marble  of 
various  colors,  molding  it  into  the  desired  form,  and  then  by  grinding  and 
polishing  the  surface  a  beautiful  mosaic  is  produced.  Blocks  so  made 
may  be  sawed  into  slabs  and  polished  like  marble.  They  are  hard  and 
non-absorbent  of  moisture,  and  are  said  to  be  suitable  for  exterior 
decoration. 

Among  the  hydraulic  limes,  that  of  Theil,  Ardeche,  continues  to  hold 
its  high  rank.  The  limestone  beds  from  which  it  is  obtained  are  highly 
fossiliferous,  and  are  over  three  hundred  feet  thick.  Simple  burning  is 
all  that  is  recpiired  to  produce  the  cement.  An  establishment  for  its 
manufacture  at  Lafarge  has  thirty-four  furnaces  and  produces  three 
huntked  and  forty  tons  of  sifted  lime  daily.  The  price  is  fifteen  francs 
per  ton,  and  it  weighs  seven  hundred  kilogrammes  per  cubic  metre.  It 
is  particularly  valuable  for  marine  constructions,  and  can  be  wetted  with 
either  fresh  or  salt  water.  It  was  used  for  the  formation  of  the  artificial 
blocks  sunk  to  form  the  breakwater  piers  at  Port  Said. 

The  agglonuaated  bcton  of  Mr.  Coignet  was  most  fully  represented  at 
the  Exposition,  and  was  used  in  the  construction  of  the  reservoirs  and 
for  the  foundations  of  the  outer  gallery.  For  a  full  description  of  this 
material,  its  preparation  and  uses,  reference  is  made  to  the  special  report 
by  Mr.  Leonard  F.  Beckwith.  Reference  may  also  be  made  lO  the  pub- 
lication by  M.  Coignet*  and  by  M.  Claudel.* 

OXYCHLORIDE  OF  MAGNESIUM  CEMENT. 

By  mixing  magnesia  with  oxychloride  of  magnesium  a  cement  is 
formed  analogous  to  that  made  with  zinc  oxide  and  the  oxychloride  of 
zinc.  Botli  of  thesi^  cements  are  the  invention  of  Mr.  Sorel.  The  hard- 
ness of  the  cement  varies  with  the  density  of  the  chloride  solution.  An 
increased  hardness  is  given  by  saturating  the  chloride  of  magnesium 
with  chloride  of  barium  or  witli  sulphate  of  ma;.nesia.  The  ad  lition  of 
one  part  of  (piicklime,  or  tw  >  |  arts  of  carbonate  of  magnesia,  in  one 
'  hundred  of  the  chloride  at  2.>^  Baume,  augments  the  hydraulic  proi>er- 
ties. 

FERRUGINOUS  CEMENT. 

M.  Alfred  Chenot  proposers  to  form  a  femigincms  cement  by  mixing 
iron  in  a  state  of  extreme  subdivision  with  sand.  A  cement  so  formed* 
has  long  Ikhmi  known  and  used  to  a  certain  extent  in  the  United  States. 
M.  Chenot  pn>iM)ses  to  manufacture  the  inni  n  a  state  of  sponge  and 
upon  a  large  scale,  by  redacting  iix>n  ore,  mixed  with  carbon,  in  a  close 
furnace. 

'  Eini»I<M  dvH  botoiiR  agi^loiiK^rfH,  t*to.,  ]Mir  FruD^oU  Coiguet,  Paris,  1862. 
*  Prati<iue  dr  Turt  de  coDstniire,  Partii,  1863. 


I[ANS(1ME  AHTlKIftAl.  STOKK, 

iTbis  remaikalile  compound  U  adapted   Dot  only  to  interior,  but, to 

perior  construction,  ami  ri\  uls  tlie  untunil  Riindsti>in^»  in  liardiifs^  luul 

Ti1)ilit.v. 

frit  te  lormt'd  by  mixing  ssititl  with  soluble  tulicatc  of  soda,  and,  wliou 
I0lde<l  into  the  dt'sired  foim,  treating  the  masit  wttli  a  Nohition  of 
ideof  calcinm,  A  <loiiblo  decomposition  tjikes  plar«,  liydro-silioat** 
f  Hinc  is  fornicti,  uud  binds  the  grains  of  simd  i«rt-ougly  logetlwr.  For 
Ibll  dtvtcriptiiin  of  tliis  arlilicial  stone  and  it^  applicatiouit,  refeii>nce  Ik 
■tie  to  till'  n^poi't  by  Ooumii^sioner  Buniai'd  upon  tliv  ludustriul  Arts. 
ZINC  FOR  COX!?rRi;CTIilN. 

c  in  iu  varions  forms  of  sheets,  wire,  nails,  and  stamped  ornaments 

K  to  lie   mn<.'l)  iniii'e  used  in  constmctton  in  Europe  tliaii  in  the 

I  StulfH.    The  difiplay  bythu  Viellte-Mimtapte  Company,  and  the 

bio  Zine  Company  of  Itrc^lau,  was  very  extensive.    8oiue  of  the  a(l- 

isclaiuied  for  tliia  material  over  other  nuiterials  for  roofing  are  its 

ptOfwt,  tenacity,  and  cln'ii]>nc»s  compared  with  lead,  slates,  or  tiles, 

6  Vicille-Montagno  (Jompuny  claim  that  the  inclination  of  rAtic  roofs 

I  nut  exceed  O'".!  jwr  metre,  while  slate  reqiurea  't"Mi,  and  tile  O^.iS. 

'For  a  building;  12™ .50  long  liy  li^.SO,  covered  with  No.  14  xine,  at  80 

francs  tlie  KH)  Icilogmmmes,  the  cost  would  be: 

PntnrM. 

Willi  nine,  l,(l(.'t.(HI  fntntM,  or  per  »)nare  nietiv 13, 43 

U'ilh  slates,  1.24.">.!i7  fnmcs,  or  per  square  metre 15.  flO 

Willi  tiliifl,  1,7-1.^.%  thtnes,  or  per  aquare  metre 21.80 

For  A  idieti  )lll"'.llO  long,  lS"',tH»  wide,  with  an  iron  li-nnic,  aud  coveretl 
hSo.  I J  cornigiUcd  zinc,  at  SU  francs  per  lOU  kilocninitnrs,  the  cost 
mid  be: 

Fniiim. 

Ii  xine,  18,74!t  franca,  or  per  fwinnre  metre 10,50 

li  Ulea,  22,7ti7  ttiiiics,  or  per  Mpmre  inetif 20. 10 

:  IcmiHtrary  i-onstructions  they  advertiw  sh«^»  3«0R.  10  and  II, 

b  WMgh  '■V'.-i^i  to  4'',Io  per  stpiare  metre.    It  dcH-s  tiut  require  i)aint- 

d  the  old  sheets  may  l>e  sold  for  thirty-fl\'e  Ut  forty  per  cent,  of 

t  of  new. 

B  Stlesiau  Zinc  Company  ninmifiu-.tui-e  sine  sheets  nf  all  si;<eH  and 

jieMcs,  from  two  ounces  |K'r  sipiare  foot  upward.    The  large  plate 

•venti-eii  fwl  long  by  Hl'ty-loiir  indies  wide. and ilireeiiuor- 

if  ID  inch  thick.     It  eonkl  have  Ix'cn  made  twice  aslongas  tins,  and 

li  a  total  wei(;ht  of  forty-two  hundred  pounds,  if  i-omn  coidd  have  bei'U 

Hrored  for  its  installation.    The  corrugated  sheets  of  large  curve  when 

lIen@thwiH<>ni'e  niadi-  nine  feet  long  and  np  to  forty  one  in<'lies  in 

it  at  ions 
■  linihiings.    The  new  cxcbangi^'  j 


D  tbia  establishment.   vViincxtHi  is  a  table  of  the 
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o  ntUHtrutilorH  niid  engineers. 
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and  weight 
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MR.  IIKW'irr  (),\  THE  USE  OF  STKi:i.  FOR  BAUJi. 

iinniirni-tiiiv  (>r  Btwl  rails  for  railwnys  has  Itecii  illspiisspoi 
wininT  lli-nitt  in  hi*  report  iiiwii  inm  ami  sttTl,  anil  soim-  ottacr- 
ttiouM  U|iuii  Mir  roriM  of  mils  vriW  \m>  i'ouml  in  thL>  mpurt  by  Cumiiiin- 
i-  An(;liiiifl»s.'«.     Since  tlie  publication  of  the  i-eimrt  of  Mr.  Hewitt 
e  writer  liiM  rf(;ei\eil  Imm  bini  tlie  following  letter,  dattil  >'ew  York, 

r  30.  1863,  givinK  tlie  result  of  later  investigations  abniatl : 

"Having  made  a  visit  to  Kurope  linring  tlie  past  summi-r,  willi  Mr. 

Fritz,  manager  of  tbe  Betlilebem   Iron  Works,  at  Bi'llili-lii'in, 

lUitH.rlvania,  for  tlie  jnirpoae,  mainly,  ot'aei|niriiig  iiit'ormiilioti  in  regard 

>  use  of  Bti-el  for  rails,  I  do  not   tliiiik  that  1  can  render  a  more 

iei-i^iitJible  8er^■ice  to  tlio  railroad  inton'sta  of  tho  United  Stntex  than 

y  iwlding  to  my  report  a  brief  statement  of  the  eonelnsions  at  wliich  we 


.  It  appears  to  be  certain  that  on  all  roads  doing  a  Inrgo  basi- 

L,  anil  esiR't'ially  wliere  lieavy  engines  ai-e  run  at  a  liigli  sjH-ed,  Hteel 

t  be  snbslilated  for  iVow,  on  Hie  tr«7r((ij7*«f/«ccor  the  tniek.    The 

fe\  may  be  either  puildled,  or  matle  by  the  SiemenuMartiii,  llessemer, 

rcmoible  proceHs;  but,  whatever  kind  of  steel  may  be  employed,  eare 

L*  taken  that  the  steel  1h>  of  good  quality,  and  atlapted  to  the  piir- 

This  demands  okil]  in  the  manufacture  and  eare  in  the  inMfieclion. 

8  the  skill  U  iiHOd,  and  care  eserelsed,  there  will  soon  l>t^  ttie  same 

nt  in  regard  to  the  <iua1ity  of  ateel  as  has  esii^ted  in  reganl  to 

Ity  of  imii. 

"SewMid.  For  roads  having  a  small  traffic,  iron  mils  are,  as  yet,  more 
incMnical,  provided  light  engines  and  niotlerate  sjieed  arc  employed, 
r  care  is  used  in  the  inaunfacture  and  iH«i>eetion,  and  a  price 
3  sufficient  to  cover  the  coat  of  good  materials  and  workmanahip, 
B  ia  no  more  difficulty  now  than  there  was  in  former  years  in  pro- 
:  iron  rails  of  good  qimlity.  The  real  cause  of  the  inferiority  of 
I  rails  a|t]K'ars  to  be  due  solely  to  the  nnwiltingness  of  railroad 
[(■rs  In  pay  a  price  adequate  to  meet  the  actual  cost  of  giHtd  iron 
i  «kinnd  work. 

.  The  qiie«liiiu  as  to  whether  all  steel  rails,  or  iron  rails  with 
1  liimlis  should  be  naed,  is  mainly  one  of  lir»t  cost.  Tlii-ri<  have  been 
tnbp-ctinns  to  sleelloppeil  rails,  when  east  steel  is  used  for  the 
1,  arising  out  of  ihe  liability  of  the  steel  to  sejiarate  fVoin  the  iron ; 
lis  objection  is  now  rcmoveil.  both  in  Europe  and  In  this  tTountr^', 
0  eiipeHenee  which  has  lieen  gaiued  at  I^owlais,  in  VVuIcm,  and  at 
nitoa,  in  >'ew  Jersey,  and  it  is  safe  to  affinn  that  steel  and  iron  cau 
^cvrtulnly  united  so  as  not  to  scimrate  in  the  weH.  Ilie  es()ericnpe 
I  Ibe  Booth  rail,  on  the  New  York  Central  raili-oad.  also  goes  to 
r  that  it  is  not  necessary  to  weld  The  stiH-l  and  tbe  intn  at  all,  leaving 
.  ipiestion  of  prime  cost  an  to  whether  the  heads  shall  1h.> 
il  or  not.     As  to  all  steel  mils,  whether  made  from  llesseiner,  Sieiu- 
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ens-Martin,  or  crucible  steel,  the  only  objection  apijears  to  be  in  their 
liability  to  break  in  very  cold  weather,  but  the  percentage  of  such  acci- 
dentia is  verj'  small ;  and,  all  things  considered,  it  is  difficult  to  decide 
whether  this  objection  is  of  more  weight  than  the  possibility''  of  a  sepa- 
ration of  the  steel  from  the  iron  in  the  steel-topped  rails.  On  the  whole, 
we  came  to  the  conclusion  that  we  would  take  either  the  all-steel  or  the 
st€el-to2)ped  rnWs,  properly  made,  giving  the  preference  to  the  one  which 
could  be  supi)lied  at  the  lowest  price  per  ton.  In  other  words,  we  believe 
that  the  question  of  first  cost  should  alone  decide  whether  to  use  steel- 
topiwd  rails  or  rails  made  entirely  from  steel,  provided  the  quality  of  the 
materials  used  and  the  workmanship  are  equally  good  in  both  cases. 

*'The  Siemens-Martin  process  has  solved  the  only  difficulty  whi(!h 
existed  in  regard  to  steel  rails  when  worn  out,  by  working  them  over  as 
the  raw  material  for  new  rails.  This  ])rocess  is  now  in  operation  at  most 
of  the  leading  works  in  Europe,  and  can  be  seen  at  work  at  Trenton,  New 
Jersey,  producing  steel  which  welds  perfectly  to  iron,  and  therefore 
admirably  adapted  for  steel  tops." 


III.— LAKE  TUNNEL  AND  WATER- WORKS,  CHICAGO. 

THE  SUPPLY  OF  WATER  TO  CHICAGO. 

The  Board  of  Public  Works  of  the  city  of  Chicago  sent  elaborate 
dniwings,  upon  a  large  scale,  of  the  tunnel  and  accessory  constructions 
which  were  then  nearly  completed,  for  the  supply  of  t  e  city  with 
pure  water. 

The  source  of  the  supply  is  Lake  Michigan,  from  which  the  water  is 
pumped  by  steam-engines  and  distributed  in  pipes  in  the  usual  manner. 
During  the  year  ending  March  31,  18G7,  the  quantity  pumped  was 
3,108,700,001)  gallons,  being  an  increase  of  nearly  391,(KK),000  gallons 
over  the  (piantity  pumped  during  the  previous  year.  This  gives  a  dail}- 
average  of  8,()S1,530  gallons.  The  quantity  of  coal  consumed  in  pump- 
ing was  3,701  ^"Jy"y  tons,  and  the  expenses,  including  salai-ies  and  repairs, 
amounted  to  8^4,452  14,  or  $14  03  per  million  of  gallons. 

Before  the  construction  of  the  lake  tunnel  about  to  be  described,  this 
water  was  drawn  from  an  inlet-basin,  upon  the  margin  of  the  lake. 
During  the  severity  of  winter  quantities  of  ice  accumulate  across  the 
entranc(»  of  this  inlet-basin,  forming  a  ridge  or  barrier,  so  as  to  cut  off 
effectually  the  sujjply  of  water  from  the  lake,  and  thus  necessitating 
the  exertions  of  gangs  of  men  day  and  night  to  keep  a  ])assage  open  to 
the  ])ump-well.  This  dittlculty,  and  the  constantly  increasing  numbers 
of  snuill  lish,  and  the  fouling  of  the  water  along  the  shores  by  the  sew- 
age of  the  city,  and  deposit.s  of  small  streams,  led  the  citizens  to  the 
project  of  obtaining  the  water  from  a  i)oixit  so  far  out  in  the  lake  as  to 
be  beyond  these  local  annoyanceiu  But  before  the  final  adoption  of  the 
plan  of  a  tunnel,  to  extend  two  miles  under  the  bed  of  the  lake,  some 


e  or  more  ilifftTriil  mothods  of  Recnrinn  tlu-  pun'  wnlcr  wvi-e  inoro  or 
B  coiuii«l<>r(>d.    TlifNf  ytmv — 

.  ^le  extension  of  tbe  old  ink-t  \>ipe  a  mile  ont  into  tbi-  lakf,  at  an 
tiuaUfd  cmtt  of  from  i^Gfi.OtH)  to  C12r>,(H>0  for  titc  iron  pipe  alini«. 

.  A  brick  tuniifl,  8tx  feet  in  diameter,  and  eAt«uding  a  mile  out  into 


.  Bcmoral  of  tlie  pnmpin;;  works  to  Winetka,  about  Bixttt-n  milt-a 
li  of  the  <rity,  and  i-onducting  tbe  water  to  the  city  in  pipeit  fVom  a 
n*ulr  pliu'ed  npoii  tht«  high  ground  at  Wiiielka. 
MU-r  lifdM,  lit  an  estimiit^d  cost  of  «UI7,r>0H, 
iKulisidiiig  reservoir,  at  an  estimated  cost  of  $107,7 <."». 

THE  LAKE  TlTiNEL. 

ftTlie  plan  of  tunneling  two  miles  under  the  hod  of  the  lake  was  pro-- 

^  E.  8.  Clieshrongh,  esq.,  the  city  engineer,  and  was  exeented 

H  snperintendenee.    It  is  one  of  the  most  novel,  sniteessful,  and 

iiituillf  cxei'uted  engineering  enterpri)4es  of  the  pi'eaeiit  time,  and 

n  a  notice  in  considcralde  detail, 

B  notice  which  follows  has  been  {W>ely  compiled  {W)m  the  informa- 

iu  the  annual  reports  of  the  Boar<l  of  Public  Works  of  the 

r  Chicago  to  tlie  common  council,  and  from  the  mannscnpt  noK>s 

I  explanations  supplied  by  Mr.  Chesbrougli,  at  the  reijneitt  of  th« 

The  two  lithographic  plates,  also,  which  illustrate  the  descrip- 

I,  are  engraved  fiom  photngraphiu  reductions  of  the  large  drawings 

li  were  displayed  at  the  Exposition. 
!lic  plan  of  luMiieliiig  was  adopted  by  the  hoartl  of  public  works  as 
It  I8li.'l.  Thirtng  that  summer  examinations  were  made  along  the 
■  line  of  the  contemplated  work  by  lM>riiig,  at  short  intervals,  to 
1  projiosed  for  the  tunnel,  to  ascertain  the  character  of  the 
lul  through  which  it  would  pa«H,  and  various  ohservattons  were 
o  text  the  (|Ualtty  of  the  water  at  tbe  proposed  onter  end  and  inlet 
B  tunnel,  and  to  asu-rtain  also  tbe  distance  from  the  shore  to  which 
pr  of  the  rivi-r  rea<'hed  after  certain  most  inarkitl  lUscharges  of 
r  into  the  lake.  From  the  borings  it  wua  found  that  the  mate- 
1  thniagh  which  the  tunnel  would  be  built  was  uniformly  clay,  and 
rvntly  of  a  Hiin  and  even  character;  and  the  observations  concern- 
'  elVect  of  [he  river  on  the  lake  shewed  tlmt,  even  Avhen  most 
,  no  Iniee  of  ils  intlucuee  conld  be  »leleirle<i  much  more  than  a 
il  a  qimrtcr  from  the  shore.  The  information  obhiined  on  these 
[  various  other  points*  Mitislicfl  the  Iwanl  that  the  tunnel  would 
nnplish  the  n-snltM  sought  for,  and  that  the  work  was  entirely  prnell- 
Tlie  n<«ci'»sary  drawings  and  s|tecilicalions  were  pre|»tn'd  as 
idilj:  HA  practicable,  and  advertis«-meuts  were  iiMucd  in  New  York 
un,  as  well  as  in  Chicago,  inviting  pntposals  for  tbe  doing  of 
:.  Tlte  Idds  were  m-eivtHl  and  oi>ened  Si'ptember  fl.  1803, 
F  lb*  purlieu  snlimitting  pntimsals  lieing  pn-sent  at  the  opening. 
2  U  E 
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The  following  record  describes  particularly  the  bids  received  for  con- 
structing the  tunnel  complete: 

Bids  received  for  the  lake  tunnel  September  9, 1863. 


Name  of  bidder. 


James  Andrews,  Pittsburg,  Pennsylvania 

James  J.  Dull  and  James   Gowen,   Harris- 

burg,  Pennsylvania 

Stephen  C.  Walker,  Asa  D.  Wood,  and  F.  W. 

•  Bobinson,  New  York 

Thomas  Williams,  John  McBoan,  A.  S.  Brown, 

and  George  Noilson,  Chicago 

Henrey  Nash,  Chicago 

D.  L.  DeGolyer,  Chicago 

William  Baldwin,  New  York 
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$144,000 


17380,000 


*  "  Meaning  to  include  but  one  intermediate  lake  shaft.  This  proposal  is  based  upon  the  sappositioii 
that  the  material  to  be  excavated  is  Arm,  and  such  that  the  tunnel  can  be  made  and  the  maaonrj  bnflt 
without  the  use  of  permanent  bracing.  But  if  in  the  prosecution  of  the  work,  to  secure  ita  safety, 
permanent  bracing  should  be  required,  the  attendant  increased  expenses  shall  be  paid  by  the  city.  The 
chief  engineer  to  decide  the  amount." 

t  "  For  all  the  work  except  the  iron  cylinders  for  shafts.  In  case  sand  or  gravel  veins  occur,  to  be 
paid  for  extra.    This,  sum  includes  four  cribs.*' 

I  Per  lineal  foot. 

§  "  I  run  the  risk  of  all  loose  earth,  sand,  or  gravel." 

II  "  1100  per  lineal  foot,  if  material  is  '  stiff  blue  clay  soil.'  If  otherwise,  extra  pay  and  extra  time  wUl 
be  required." 

M  "360,000!" 

The  bid  of  Messrs.  Dull  and  Gowen,  of  Harrisburg,  Pennsylvania, 
being  unconditional,  and  for  the  whole  work,  it  was  accepted  as  the 
lowest  and  best  bid,  and  the  contract,  which  will  be  found  embodied  in 
this  notice  beyond,  was  drawn  up.  Subsequently  to  the  execution  of  the 
contract  the  board  decided  to  change  the  manner  of  constructing  the 
land  shaft,  which  was  originally  designed  to  be  wholly  of  brick.  This 
change  consisted  in  substituting  three  cast-iron  cylinders,  each  ten  feet 
long,  essentially  like  the  iron  cylinders  proposed  for  the  outer  lake  shaft, 
in  place  of  the  brick- work  of  the  upper  thirty  feet  of  the  shaft.  This  wn« 
done  to  facilitate  the  sinking  of  the  shaft  through  the  bed  of  quicksand 
overlying  the  clay,  the  distance  through  the  quicksand  to  the  clay  being 
about  twenty-four  feet. 

In  i)lace  of  a  description  in  detail  of  the  construction  of  the  tunnel, 
the  contract  and  specifications  are  given  in  full,  particularly  as  the  work 
is  minutely  described,  and  as  the  contract  shows  not  onl}'  what  was  at 
first  required  of  the  contractors,  but,  together  with  the  notr^s  and  expla- 
nations, shows  also  the  changes  which  it  was  found  desirable  to  make 
daring  the  progress  of  the  work. 
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^^H^  LAKE  TITNNFX  COM'ItACT. 

^^TSciTlON  ANT)  RESEBAL  DESrRIPTIOS. — Tho  tuiiiiel  18  to  commeiicf? 
Bt  KRch  [Hiiiit  an  limy  be  select^^d  by  the  bonnl  of  imblic  works,  on  tlic 
But  now  oi'^Mipiod  by  tlu'  piinipin};  works  of  tlie  city  of  Cliicatro,  at  the 
But  <Mi(I  of  Cliicii^o  nveiiiir,  »iii1  on  tbc  stion.*  of  Lake  Mii^bigan ;  and 
Bo  extend  two  milos  ont  iindur  tbo  lake,  in  ii  straifibt  line,  at  right  unglea 
Bo  the  genenil  direction  of  the  shore, 

W  Tlie  bottom  of  the  inxide  sui-faoe  of  the  enst  ond  of  the  ttinnol  Rhnll 
Rte  (dxty-six  feet  Ix-low  the*  onliiisiry  IotoI  of  the  lake,  or  sixty-four  feet 
|A>cluir  whi^t  Is  usually  known  as  "  City  Datum ;"  ami  the  bottom  snrlaee 
Hdiall  descend  autfurmly  at  thu  rate  of  two  feet  p«>r  mile  to  the  weHt  end 
Bf  the  tunnel. 

B  Tlierc  are  to  lie  one  land  and  two  to  four  lake  eliafts;  the  land  shaft 
Bt  the  west  end,  one  lake  shaft  at  the  east  end,  and  the  remaining  lake 
^pmft  or  shafts  at  such  intermedin tc  points  as  shall  be  determined  upon 
By  aaid  boanl,  when  the  proper  time  for  locating  them  shall  arrive.  The 
^Bike  sliafts  are  to  consist  of  cast  iron  cylinders,  and  to  be  protect(«I  by 
Holloir  i>enta}^oiiii1  cribs.' 

■  Tlie  (nnnpl  i«  to  Ite  very  nearly  eii-cular  in  fonn,  and  t»  have  an  inte- 
Bior  width  of  live  feet,  and  heijrht  of  live  feet  and  two  inches. 
W  rittliK, — It  has  been  proposed  to  constmet  four  eriba.  on  the  snppo- 
B^tinu  that  this  unmber  mi^it  be  retinired  to  eomplet^  the  tunnel  in  two 
Bn'iara.  bat  if,  after  conunendng  the  work,  it  shall  he  fonnd  in  time  that 
Hoe  or  more  of  them  may  be  omitted,  such  omission  sliall  lie  made ;  and 
Bbr  thia  reason  bnt  two  cribs'  shall  be  commenced  before  the  probable 
Bvalc  ofprogi'esn  in  the  tnunel,  from  the  land  shaft,  shall  have  been  iMtt- 
■bfartoHly  ».>*rertaine«I. 

I  Dkscuittion. — The  cribs  are  to  be  flvesided,  ejich  outer  aide  to  be 
Klfty-eigfat  feet  long.  There  is  to  be  a  central  space  in  each  erib,  in  fona 
Biinilnr  to  the  ontxide.  leaving  the  thickness  bi-twcen  the  central  space 
^Kud outside  of  the  crib  twenty-five  feet.  The  interior  mid  csterim- sides 
Wbt  tlit^  <rrib.s  are  to  lie  |ierpeiidicalnr  fVoin  their  iHttt^ims  to  their  tops, 
Brkivb  are  to  be  five  feet  alwve  the  oi-dinary  surface  of  the  lake ;  hciico 
^Bw  ontemiost  crib  is  to  be  forty  fe<'t  high.  Tiie  height  of  the  uthen* 
Brill  depend  upon  their  location,  which  will  he  deleriniiied  during  the 
^bro^fts  of  the  work. 

H  TIki  onter  crib  is  lo  have  tbnt-  oi>onings  through  its  sides,  one  open- 
^Blg  tltrongh  each  of  the  western  and  sontlieni  sides ;  each  opening  to  be 
^■re  feet  high  and  four  feet  wide,  and  to  be  eonneetHl  with  the  top  of 
^Bie  crib  by  u  well  four  feet  M^nare.  The  most  northern  opening  is  to  have 
Hta  bottum  live  feet  above  the  hotloru  of  the  crib,  the  middle  one  eleveu 
^■wthigbej',  and  the  wmthem  one  eleven  feet  higher  than  the  middle. 
^Bltrll  (ijiening  is  to  be  furnished  with  an  iron  padiUe  gate,  lo  be  workeat 
^BjT  Rie^ins  t)f  an  iron  rod,  from  the  top  of  the  crib,  as  shown  on  planit. 

B  Oiil}*  uuK  Ukp  Klvaft  ami  mif  rriti  w»tv  coniitmclfd. 

H  '  Out}'  oiu  crib,  the  outer  nur,  wm  foiiiul  pacmMry.  ^^^ 
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Ea^h  crib  is  to  be  provided  with  two  gates,^  each  two  feet  high,  and 
one  and  a  half  foot  wide,  placed  five  feet  above  the  bottom  of  tlie  crib, 
and  against  the  wall  of  the  inside  spaee.  These  gates  to  be  used  for 
regulating  the  sinking  of  the  cribs  to  their  places,  and  worked  by  rods 
from  the  top  of  the  crib,  as  shown  on  plans.  Wrought-iron  gratings  to 
protiH^t  these  gates  must  be  provided,  as  shown  on  these  plans. 

Mode  of  construction. — The  bottom  of  each  crib  shall  be  formed 
by  an  outer,  inner,  and  middle  line  of  twelve-inch  square  white  pine 
timber,  which  shall  be  connected  with  cross-timbers  of  the  same  size, 
and  with  twelve-by-three-inch  joists  placed  two  feet  apart  from  center  to 
center,  and  the  under  side  of  the  whole,  except  the  central  space  of  the 
crib,  sheathed  over  with  two-inch  pine  plank,  fastened  on  by  six-inch 
spikes,  driven  through  each  plank  in  every  timber  and  joist,  as  shown 
on  plan.^  All  the  timbers  and  cross-timbers  are  to  be  connected  by 
dovetail  joints  the  full  width  of  each  timber,  and  of  equal  depth  in  each, 
the  dovetail  being  one  inch  deeper  at  its  end  than  at  its  shoulder.  On 
the  outer,  inner,  and  middle  lines  of  timber,  and  on  the  angle  pieces  of 
the  outer  and  middle  lines,  solid  walls  of  twelve-inch  square  timber  are 
to  be  built  up  to  a  height  of  forty  feet  above  the  bottom  for  the  outer 
crib,  and  to  a  height  of  five  feet  above  ordinary-  water-mark  for  the 
other  cribs.  The  middle  wall  extends  solid  from  outside  to  outride  of 
the  crib ;  the  inner  wall  only  around  the  inner  spaee.  The  angle  timbers 
are  eleven  and  a  half  feet  long  from  tip  to  tip.  Between  the  outer  and 
middle  walls  there  are  two  lines  of  cross-timbers  on  each  side  of  the  crib, 
and  between  the  middle  and  inner  walls  three  lines.'  The  cross-timbers 
are  twelve  indies  square,  placed  twelve  inches  apart  above  each  other, 
and  extend  through  each  wall.  All  of  the  timber  and  lumber,  except 
the  upper  twelve  feet  in  each  outside  wall,  is  to  be  of  sound  white  pine. 
The  upper  twelve  feet  of  the  outer  wall  to  be  of  sound  white  oak,  free 
from  sap,  or  any  imperfections  tending  to  hasten  decay.  All  of  the jomts 
of  the  timbers  at  the  angles  of  the  outer  and  inner  walls,  at  the  ends  of 
the  middle  walls,  and  at  the  ends  of  the  cross-timbers,  are  to  be  dove- 
tailed like  those  described  for  the  bottom  course  of  timbers  in  the  crib, 
[at  the  corners.]  Where  the  timbers  of  the  middle  wall  cross  each  other, 
they  are  to  be  notched  half  and  half.  Whenever  the  ends  of  timbers 
butt  against  each  other  in  the  outer  and  inner  walls,  thej^  must  do  so  at 
the  center  of  the  end  of  some  cross-timber,  where  the  dovetailed  end  can 
be  made  to  lap  over  the  butt  joints  On  the  bottoms  and  sides  of  the 
three  openings  through  the  outer  crib,  twelve-inch  square  timbers  touch- 
ing each  other  are  to  be  run  entirely  through  the  ends;  and  across  the 


*  TliiM  w'OH  aft(*rwurfl  clmnj^Hl,  and  eight  smaller  and  cirealar  gates  were  constmct^d 
so  as  to  n^gulate  the  flow  of  the  water  into  eight  water-tight  com|>artiueutSy  which 
occupy  the  interior  of  the  crib. 

*  Changed  in  construction  to  twelve-inch  timbeia. 

>  In  construction,  these  timbers  were  placed  ao  that  each  piece  extended  fh>m  the 
outer  through  the  middle  to  the  inner  walL 
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^Hb  of  tkC'  openings  mx-inch  plniiks  lu-e  to  Itc  siiiked,  fitting  cIodp  to  uat'fa 
^Iper.  Tlie  walU  ni>nt  cai-h  o[>ciiiiig  to  ihi;  top  of  tbt5  crib  are  to  be 
^^kned  of  iiix-iiteli  gilnttkR  ]iliiceiL  linrizontnll.v,  niitl  notched  into  the  rriti 
^^bberH  wbeivvur  tiii-y  citn  In'. 

^HTlie  timbera  in  the  uuti'i*  anil  middle  nulls  of  i.-iurb  crib  arc  to  bp 
^BrvuciI  to  each  other  by  l^incb  s^inaiv  wronght-irun  boltx  thirty 
^HllteH  \niig,  with  rugged  edgcH,  mid  driveti  iotn  the  timber  at  an  angle 
^Hdvo  degrees  from  ii  ptriH'ndiciiInr,  and  inclining  alteniately  toward 
^■Hdi  other.  [  The  mggiiif;  uas  omitted.]  Tlie  timtiers  of  the  inner  wall 
Bba  to  be  fastened  in  a  Hiiiiilnr  manner  to  tbo«e  of  the  onter  and  middle, 
Fwoept  that  the  bolts  aro  to  In*  but  oim  inch  square, 

IJni-h  outer  angle  of  the  crib  is  to  be  protected  by  a  eovei-ing  of 
wronglit  irwii  one  inch  thick,  extending  two  feet  each  way  from  the  cor- 
ner, anil  Innn  the  top  of  the  crib  downward  ten  I'cel.  These  angle  inms 
)  to  be  fastened  ou  by  round  wrought-iron  one-and-a-half  inch  1)olt«, 
etliroagh  eiery  timber,  on  each  side  of  the  corner.  The  bolts  are  to 
ultcroately  long  and  short,  the  long  being  faatejie<l  through  the  mid- 
I  tiinbern  of  the  crib,  and  the  short  through  the  outer  timlH^rK,  »«. 
[i  plauhj,  The  long  bolts  ure  to  W  used  also  iu  the  lower  part  of 
iBcrib.  from  the  bottom  to  the  angle  iron,  in  every  other  timber,' 
1  spMCc-s  U-tween  the  joists  at  the  Iwttom  of  tJie  crib  an-  to  lie 
1  with  gnivcl  or  broken  stone  Hnsb  with  the  tu[ts  of  the  joists.  The 
8  lire  to  bu  planked  over  with  two-inch  pine,  fast«'n<^  down  with  sis- 
li  «f)Ikes.' 

lo  lie   twenty-five  pair  of  one  inch  ronnd  wnmght-iron 

B  tofionuect  snddles  [dauetl  nnder  bottom  timbers  and  over  top  oneit, 

:)  plans.    Tlie  forms  and  mode  of  placing  the  »a(ldli<s  and 

ctlng  the  rods  with  tliPin  and  with  each  other  are  shown  ou  plans. 

ft  wore  not  put  in.] 

B  vhole  of  the  joints  on  the  bottom  of  the  crib,  aronnd  llie  outside 
I  central  space  of  the  crib  from  its  bottom  to  within  lour  feet  of  the 
1  »be  joints  aronnd  the  iuside  of  the  tbriw  openings  and  their 
I,  Hre  to  be  ihoronghly  calked  with  oakum  and  paid  with  tar.' 
icll  crib  shall,  immetliately  after  Iwing  towo<i  to  its  projH-r  ]Hisi(ion, 
1  by  one-and-a-hal  finch  iron  cables  to  five  Mitelieirs  mooring 
I,  forc«d  ten  fe4^>t  iuti  the  clay  at  the  Iwttoni  of  the  lake.    The 
flifltis  and  form  of  tlicKC^  iti'revs  can  Ih*  Hccn  on  plans. 
ti  «ib  is  to  be  filled  with  iionnd  rubble  sttme,  from  its  lM»tIom  to 
«  goon  after  being  moore<l  as  practieable. 

on  tj>  tlip  Inji  nf  til*  crib,  and  Iu  iiloiw  nf 
ea  iuclim  wmi  ]itil  in  (lii.  Viae  (if  IIid  lnii){ 
t  Uie  aiidli-  iMim,  A  t''trti'S|ioiHUii('  pii-^r 
put  nl  the  utliut  eiiiln  uf  Uio  liolta  uii  tlu- 


I  till-  tu|i  uf  lliv  frill,  iuclddiii);  ilin  mlilillr  wnll,  ku 
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The  angles  of  each  crib  shall  be  placed  exactly  in  such  positions  as 
the  board  of  public  works  may  direct 

The  land  shapt.— This  will  be  located  near  and  in  the  rear  of  the 
present  pumping  works  of  tliis  city.  From  the  surface  of  the  ground 
to  a  depth  of  fifteen  feet  below  the  level  of  the  lake,  the  shaft  is  to  be 
twelve  feet  in  diameter;  and  then  it  is  to  be  contraeted  by  a  sloping 
offset  of  three  feet  all  around  to  six  feet  diameter,  to  five  feet  below  the 
bottom  of  the  invert  of  the  tunnel,  a  distance  of  sixty  feet* 

The  whole  of  the  shaft  is  to  be  lined  with  brick  masonrj^  twelve 
inches  thick,  where  the  shaft  is  twelve  feet  in  diameter,  and  eight 
inches  thick,  where  it  is  six  feet  in  diameter,  and  on  the  invert  at  it«  bot- 
tom.   The  masonry  of  the  offset  is  to  be  twelve  inches  thick. 

The  masonry  is  to  be  formed  of  hard-burned,  clear-ringing,  and  well- 
formed  bricks,  entirely  free  from  lime,  not  less  than  eight  inches  long, 
two  and  a  quarter  inches. thick,  and  four  inches  wide,  to  be  laid  upiight 
in  cement  mortar,  and  in  rings  or  shells  four  inches  thick.  The  courses 
must  be  horizontal,  the  inside  surface  of  the  shaft  must  be  true,  and 
cylindrical,  and  the  joints  between  the  bricks  not  over  a  qimrter  of  an 
inch  on  the  inside  of  each  ring. 

The  cement  mortar  is  to  be  equal  to  the  best  of  Clark's  La  Salle,  and 
mixed  with  one  measure  of  clean  sharp  sand  to  one  of  cement,  and  used 
as  soon  as  possible  after  being  mixed. 

The  joints  between  the  rings  must  be  not  less  than  half  an  inch,  and 
all  the  joints  in  the  masonry  must  be  perfectly  filled  with  mortar  at  the 
time  the  masonry  is  laid. 

Where  the  natural  soil  around  the  shaft  is  sand  or  loose  material, 
there  is  to  be  not  less  than  twelve  inches  of  thoroughly  puddled  clay  on 
the  outside  of  the  masonry.* 

Whatever  timber  and  lumber  may  be  necessary  to  support  the  earth 
around  the  shaft,  before  the  masonry  can  be  built,  must  be  furnished 
and  put  in  by  the  contractor. 

The  pumping,  and  all  labor  and  machinery  connected  therewith,  must 
l>e  done  and  furnished  by  the  contractor. 

Inlet  cylint)eb  fob  outer  lake  shaft. — To  be  nine  feet  in 
diameter  inside,  and  two  and  a  quarter  inches  thick.  To  be  made  in 
sections  of  about  nine  feet  in  length,  so  that  seven  sections  will  make 
up  the  total  length  of  the  cylinder,  or  sixty-four  feet.  The  flanges  to 
be  five  and  five-eighths  inches  wide  by  two  and  a  quarter  inches  thick, 
and  to  l>e  faciHl  in  the  lathe  true  and  at  right  angles  to  the  center  line  of 
the  cylinder.  Each  flangt*  to  have  a  small  annular  gnxive  turned  into 
the  face,  to  receive  the  putty  to  be  used  in  making  the  joint,  as  shown 
on  the  drawing.     Flanges  to  Ih»  drilltnl  for  l>olts  one  and  a  half  inch 

»  Tli«*  nhaft  wan  not  extK'utetl  in  tliw  way.  In»u  oyHmlerm  thnn*  in  number,  and 
eiLtending  to  a  depth  of  thirty  ft^t,  were  sulwtitutwl.  TIm»^»  weix*  nine  fwt  in  diamc^ 
ter  and  one  and  a  h:i1f  inch  thick.  The  shaft  beUiw  wa«  mmle  eight  leet  clear  diameter 
and  twelve  inches  thick. 

*  AU  apace*  were  fiUed  with  either  oonorcle  et  brick  woik  in  ceueiit. 


I  (liauu-tLT  niid  nlinut  seven  irK^k('<l  l>i>tWGt>ii  Centura.  The  lower  wi-tjoii 
B  titrued  a  liiiicr  of  inipsixteentli  of  au  indi,  ni  nine  inHiPs  fi-om  the 
1  oti  the  uutHide.  Tbe  linlaure  of  the  section  to  he  ncciirately  and 
r  tunied  t'lmitlel  the  entire  lengtli  nbove  Ihe  tnper. 
le  second  uiid  lliiid  »H^-tioni4,  and,  if  rcqnired,  the  fonrth  Bcrtioti, 
IWtHi  the  IxXtoui  tu  hii  iiecimitely  and  smoothly  tnnied,'  eucli  sMrtioii  of 
it  dinuK-tcr  8li);litly  in  oxectta  of  the  one  next  Ix'low  it,  say  the  sisty- 
Cotirth  |i)irt  o(  iin  iueh,  and  should  there  be  any  difl'eretiee  in  the  diameter 
witc  ends  of  the  same  section,  then  tJie  largest  end  to  lie  ronneeted 


)  Bection  iw\t  helow  the  top  one  is  to  he  iiro^nded  with  openings 
f  inlet  galea,  |iliiu»  and  spi^tificuttons  for  which  will  be  gi^'<'"  ^''  ^l<c 
■tractor  whenever  necessary  after  one  month  from  the  letting  of  the 
trk,  and  nil  tidditiunul  expense  to  the  contractor  in  making  such  open- 
f  will  be  paid  for  as  extra. 

KUIAIK  CYLISDERS  FOR  LAKE  SHAFTS, — To  he  Olie  t«  thfW: 
ntunber,  to  tie  nine  feet  in  diameter  inside,  and  one  and  five-eighths 
t  thick.  To  be  made  in  sections  of  ntMmt  nine  feet  in  length,  m> 
C  Kvon  sections  will  make  np  the  total  length  of  cylinder,  whether 
r-lns  sixty-six,  or  sixtj-seven  feet.  The  Hanges  to  be  live  inches 
m  by  one  and  three-qnarler  inch  thick,  and  faced  im  K[)eciHed  for  the  . 
eyitnder."  Fhinges  to  he  drilled  for  bolls  one  and  a  half  inch  in 
to',  and  aljout  seven  inches  between  centers.  Three  or  font  of  tbe 
r  sections  to  lie  turned  on  tbe  outride  as  miiy  lie  required,  and  ns 
Ifleil  for  the  "  inlet  cylinder."  The  sections  to  be  stiflened  by  two 
dintt*  iuteniHl  tliinges  two  nnd  three-eighths  inches  wide  by  one 
And  throe-quarter  inch  tldck.  At  the  top  of  the  thinl  or  fonrth  st>taion 
from  the  bottom,  as  may  he  required,  tbe  diuige  to  have  a  double  width 
to  receive  a  bonnet  or  head  for  closing  and  diaconnccling  tbe  cylinder  at 
(lutt  joint.  (IS  (leliricatHl  on  the  dnming. 

The  iixin  einpliiyed  in  tbe  construction  of  the  cylinders  to  lie  of  pood 
■luxllty.    Tlic  castings  to  be  sound  and  free  from  sand  holes  or  other 

lolbt  lor  connecting  tlie  cylinders  to  Ih-  made  of  the  best  wrought 

I,  itne  nnil  a  balf  inch  in  diameter,  witb  hcxagimal  beads  an<l  niitM. 

I^oinls  between  cylinder  section  flanges  to  be  made  air-tiglit  with 

orcd  lead  putty.   All  necessary  work,  materials,  miu-biuery,  and  tools 

mt>)eting  and  putting  in  phie-t>  tbe  cj-ibs  mid  cylinders  to  ho  done 
i  futaUtlied  by  the  contractor.' 

i  rrXNHL  I'BOi'EB. — The  clear  width  of  Ihe  tnnnel  is  to  be  five 
t^  and  the  clear  height  live  feet  and  two  inches,  the  top  und  bottom 

R  to  be  semi-circles.    The  tunnel  U  to  be  lined  with  brick  nmsonrv 


il  tumlug. 
m  InlacnnlLitii*  tytludmi  dihI  Bhan*  Ihim  prorlded  for  urore 
v  nut  fut  in. 


turoHl,  tJie  eMttnga  pniviuK  Biil&cimlly  ■mnatb  fnr  the 
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eight  inches  thick,  in  two  rings  or  shells,  the  bricks  to  be  laid  lengthwise 
of  the  tunnel  with  toothing  joints.  The  mortar,  character  of  materials, 
and  workmanship  are  to  be  like  those  described  for  the  land  shaft 

The  excavation  for  the  tunnel,  when  through  sufficiently  firm  clay, 
shall  conform  exactly  to  the  outside  of  the  masonry  on  the  bottom  and 
sides.  On  to]),  just  enough  of  excavation  above  the  masonry  will  be 
allowed,  to  give  room  to  turn  and  key  the  upper  arch  properly.^  Sections 
of  not  over  two  feet  of  the  upper  arch  are  to  be  built  at  a  time,  and  im- 
me<liatt»ly  after  each  section  is  keyed,  the  space  above  it  shall  be  filled 
with  earth,  which  shall  be  put  into  the  space  in  small  quantities  at  a 
time,  and  thoroughly  rammed  until  it  becomes  as  solid  as  the  uatmal 
soil  above. 

Should  a  soil  be  met  with  in  any  part  of  the  tunnel  recpiiring  the' 
sides,  bottom,  and  top  to  be  planked  and  braced  before  the  masonry  can 
be  built,  filling  in,  carefully  and  thoroughly  done,  shall  be  put  in  between 
the  masonry  and  the  boarding,  in  or  between  the  masonry  and  sides  of 
the  excavation,  as  is  specified  for  the  upi>er  arch  in  a  firm  soil.  The 
nuiterial  for  this  filling  may  be  dry  sand  or  puddled  clay.* 

All  timber  and  lumber  necessary  for  bracing  and  supporting  tlie 
sides  of  the  tunnel  and  shafts,  previous  to  the  completion  of  the  masoiii7« 
must  be  furnished  and  put  in  place  by  the  contractor. 

The  contractor  must  furnish  and  put  in  placre  all  necessary  air-pipes 
and  apparatus  for  ventilating  the  tunnel,  all  pumps,  steara-engineSy 
hoisting  apparatus  and  fixtures  for  the  same,  all  sheds  and  shelters  for 
the  protection  of  workmen  and  materials  on  the  cribs,  and  all  necessary 
tracks,  trucks,  and  other  necessary  implements  for  machinery  for  remov- 
ing excavated  material  out  of,  and  building  materials  into,  the  tonneL 

The  contractor  must  also  remove  all  excavated  material  taken  out  ai 
each  shaft  to  such  iK)ints  as  shall  l>e  designateil  by  the  board  of  public 
works,  providcMl  said  points  shall  not  exceed  three  hundred  feet  firo» 
any  shaft,  and  must  provide  all  necessary  tugboats,  scows,  and  other 
means  of  transportation,  and  implements  required  for  such  removal. 

Geneual  SPECiFK^ATiONS. — The  Contractor  shall  furnish  and  main- 
tain such  lights  as  may  be  necessary  to  avoid  danger  to  navigation; 
and  in  case  of  failure  to  do  so,  shall  be  liable  for  all  damages  the  city 
may  have  to  pay  on  account  of  such  failure. 

All  materials,  of  whatever  kind,  to  be  used  in  the  work,  are  to  be 
insiHHrted  by  the  board  of  public  works ;  and  all  unsuitable  materials 
are  to  be  immediately  remov(»d  from  the  work  by  the  contractor. 

The  contractor  shall  discharge  from  his  employment,  when  directed 
by  the  board  of  public  works,  all  unfaithful  and  incomi>etent  workmen. 

The  board  of  public  works  must  be  permitted  to  remove  such  por- 


*  In  t>x<H'iitiii^  tliiM  )mrt  of  tlio  work,  the  niatioiiH  hooii  loani<*d  to  put  in  tlie  maaooiy 
in  chi.v  frroinid  without  ivnioving  uuy  more  earth  thuu  wu8  necessary  for  the  ngnlar 
arch. 

-  All  tlie  fillin*;  about  the  masonry  of  the  tunnel  was  niado  with  brick  and 
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tons  of  the  work  as  they  may,  from  time  t«  (iiiie,  think  necessary  for 
"the  discovery  of  iinjuoper  materials  or  workmanship;  and  the  contractor 
shall  restore  snch  work  at  liis  own  expense,  Iq  case  it  shall  have  l>eeu 
done  iniproiierly;  und  at  the  exv)ense  of  said  board  il'  done  in  a  proper 
manner. 

Any  work,  materials,  machinery',  or  toolct  necessary  for  the  completion 
of  the  tunnel,  cribs  or  shafts,  omitted  in  the  plan  and  spectficntions,  shall 
be  done  or  fiiniiiihed  by  the  contractor,  and  paid  for  as  extra  work,  at 
such  valuation  as  tlie  board  of  public  works  may  make.  Thia  section 
is  not  to  apply  to  the  completion  of  the  work  as  specified,  but  only  to 
extra  work,  and  no  tools  and  machinery  to  l>e  paid  for  unless  ordered 
Y  the  board  for  extra  work. 
"The  contractor  shall  furnish  men  and  stakes  sufficient  to  enable  the 
^neer  in  charge  of  the  work  to  give  the  necessary  lines  and  levels  to 
tastruet  tlie  work  by. 
^!nie  contractor  must  deliver  to  the  Iviard  of  public  works,  on  or 
B  the  first  day  uf  each  month,  a  written  statenteut  of  the  amount  of 
extra  work  done  and  extra  materials  furnished  duriug  the  previons 
moDtli. 
Tlie  contractor  will  be  required  to  keep  the  work  in  perfect  repair 
r  twelve  mouths  after  the  same  shall  have  been  faithfully  completed 
l^'Ae  BAtisfaction  uf  the  board  of  public  works. 
Monthly  esttmittes  will  be  made  by  the  hoanl  of  jiublic  works  of 
R  Talue  of  wink  actually  done  and  in  its  pcrtnnuent  place ;  and  on  or 
mt  the  sixtli  day  of  each  month  seventy -five  jier  cent,  of  the  esti- 
Ated  value  of  the  work  done  the  previous  month  will  be  paiti  the  con- 
tractor ;  the  remaining  twenty-five  pet  cent,  being  reserved  as  securitj- 
for  the  faithf\il  couipletion  of  the  whole  work.' 

Statement  op  quantities  of  material,  m  the  oxtermost 

*J0«IB.* — 38,814  cubic  feet  of  whito  pine  timber ;  3,500  cubic  feet  of  white 

k  tJRiber;  20,251  feet,  board  measure,  of  white  pine  two-inch  plank ; 

KTOO,  wronght-iron  ly'g-inch  siptnre  bolts,  30  inches  long;  120  wrought- 

'  \  1-inch  sqnare  bolts,  30  inches  long;  200  wronght-iron  1  J-inch  round 

(,13J  feet  long;  BO  wrougbt-ironlj-inch  round  bolts,  IS  inches  long; 

U  square  feet  of  1-inch  angle  iron ;  fi,035  cubic  yards  of  stone  tilling; 

aides  6-inch  spikes,  and  paddle  and  other  gates.  ■ 

EXTEACT  FEOM  the  AtJKEEMENT  TO  CONSTBL'CT  TUNNEL. 

The  agreement  for  the  cnnstnietion  of  the  tunnel  was  executed  on  the 
20th  of  October?  1*13,  the  contractors  undertaking  to  perform  all  of  the 
work  under  the  immediate  direction  and  siiperiuteudence  of  the  board 

t  Dnriiig  the  proRresi*  of  tliH  work  tbie  provisiou  wan  cb»ii;^  by  Tote  of  the  city 
unci],  ftud  (>igbty-lire  jier  oeiit.  wnH  paid  upon  mnnthly  eRtimnteH  for  all  wurk  dooe, 

~ir>  rrib  lii'fiirf  ft  WHS  Inllucheil. 
•  ^e  qnaiititiwt  nf  llu'w)  uiatiriuls  were  pimhUIuralily  iuc:rcii8L>4l  in  ccnini'riui-nuo  of 
K  diragM  lUHdu  during  tbe  prognw  of  the  work. 
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of  public  works  of  the  city  n(  Chicago,  iiiui  to  tlieir  entire  siitMaction, 
Mpproval,  and  iiccpptance. 

The  city  of  Chicago  coveuantwl  and  agreed,  "in  consideration  of 
thK  covenants  and  agreements  in  thia  contract  8|>ecified  to  be  liept  and- 
jjerformed  by  thu  siiid  party  of  tlie  flrBt  part,  to  pay  to  fwid  party  of  tlM 
first  part,  when  this  contract  shall  be  wholly  carried  out  ami  com^rieted, 
the  snm  of  thi-ee  hnndred  and  fifteen  tlioasand  one  hundred  and  thirty- 
nine  dollars,  (*31'i,139,)  and  for  each  foot  of  height  that  any  one  of  the 
cribs  for  the  protection  of  the  lake  shafta  shnll  be  built  abovi'  tlie  height 
Ktatediusaid  idaiisandspeciflcations,  the  sum  of  eight  hundred  iiinl  fifty 
dullarij,  (tS50,)  and  tiir  each  pnund  of  addition  made  to  the  cast-iron  cyl- 
iiidet^  for  the  like  shafts  above  that  stated  in  the  plans  and  specifica> 
tions,  the  snm  of  twelve  (12)  cents.  It  is  also  agreed,  that  during  tho 
progress  of  the  work  monthly  eatimateo  will  be  made  by  the  board  of 
public  works  of  the  value  of  the  work  done  and  in  its  permanent  place,  uid 
tliat  seven ty-ftve  (75)  i>er  cent,  [changed,  as  already  noted,  by  vote  of  dty 
council  ti'om  seventy -five  to  eighty -tive  per  cent.]  of  the  aniinint  of  snok 
estimates  will  be  paid  to  the  said  contractors  as  tliey  shall  be  issued,  aat 
that  the  remaining  twenty-five  (25)  per  cent,  shall  be  reserved  as  seciiritgr' 
for  the  faitbfnl  completion  of  the  whole  work,  and  ahall  be  paid  when 
tluH  eontiact  ia  completed,  and  the  wort*  accepted  by  the  said  board, 
is  further  inutunljy  agreed  by  the  jmrties  hereto,  that  nothing  liereinbe> 
tore  contained  shall  be  so  constrned  as  to  hold  the  said  parties  of  the: 
first  part  responsible  for  any  accident  or  injury  that  may  happen  i 
either  of  the  cribs  or  lake  shatts  ntentioned  in  said  specifications,  i 
the  same  shall  have  been  duly  fixed  and  secured  in  their  place,  iu  CODS^ 
queuce  of  any  defect  or  insutUciency  inherent  in  the  orighial  plan  or  il^ 
sign  for  the  same,  and  not  attributable  in  any  degree  to  any  defect  a 
imi>erfection  in  the  execntiou  of  said  work  by  the  said  parties  of  the 
first  part." 

THE  PROGRESS  OF  TIIR  WORK- 

Orouud  was  first  broken  for  tho  work  on  tho  ITtli  of  March,  1SC4, 
when  the  constniction  finiii;illy  riiiiiiiicnccd.  Tho  iron  cylinders,  which 
had  been  ordered  to  protitt  IIk'  land  .shaft  against  the  indnx  of  the  very 
wet  sand  ;ind  gravel  known  to  overlie  the  clay  for  about  twenty  feet,  di^ 
itot  arrive  till  after  two  months  of  detention.  The  progress  at  first  ww 
much  slower  than  was  anticipated,  owing  to  the  troublesome  nature  <N 
tlie  sand  and  gravel ;  but  the  ban!  clay  was  reached  about  the  first  « 
April,  and  tho  iron  cylinders  had  been  sunk  through  the  sand, 
ons  diltictUty  afterward  ai-oae  in  the  proaecution  of  the  land  shaft  au)j| 
shore  end  of  the  work.  At  tlie  end  of  the  year  the  tunnel  had  been  tin. 
ished  from  the  land  shaft  out  ttnder  the  lake  2,131)  feet,  and  July  U^ 
lS(i5,  it  had  reached  3,1)23  feet,  nnd  was  extending  outward  at  the  t 
of  about  twehe  feet  i)er  daj'.  August  25  it  had  reached  a  <1iKtance  0 
.f,.j05  feet,  and  the  masonry  was  about  twenty-live  feet  behinii  the  face. 
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RttiiP  places  aa  H^'t^rii^p  rate  of  progrciw  (»f  roMrU'Pii  fwt  i)pr  (iny  wwt 
IB  for  a  wt>«k  ut  a  thuv,  liiit  lor  tlie  wholu  [terioil  this  avcnigu  was 
■drnilily  lean,  owing  to  oceaaioual  iuterruptiona  from  thi'  lireakag^ 
Biicliiiitiry,  Htrikes  anioiig  the  workiuoii,  the  ineptiiig  iritb  niirl  wca- 
md  exploftiou  of  giv»,  and  otb<T  ttaunex.  The  average  for  the  year  «ii<l- 
Ukpril  1,  ItUiTt,  wn.H  theifby  rodncef!  to  nine  and  one-teuth  feet  per 
ft  The  elinfHcter  of  the  yroiiud  wiiw  nearly  uniform. 
bi*  hark  liiliiij;r  betwi-cn  the  reK'iIar  brick-work  and  the  irregular  snr- 
lot  Ihe  excavation  of  the  tunnel,  wbidi  was  originally  intended  to  be 
■ell  paeki'd  earth,  was  inadL-  of  mjMonry,  beejMim!  it  was  found  very 
knit  to  get  the  piidfUed  day  used  faithfully  imcked  into  the  Hpaces. 
Ipunud  generally  waa  Hoiinifonu  ami  favorable  forexea\atiou  that  the 
brl  wan  cut  with  ^reat  precision,  and  an  average  of  one  inch  thlek* 
liof  cement  mortJir  between  the  bricks  and  the  clay  wullx  vras  all  that 
Required. 

hfrHlcnry  in  the  elay  to  swell  was  found  at  an  early  itagc  of  thu 
■i  Ittit  the  inaKonry  resisted  it  perfet^tly.  It,  li<>w«'Vcr,  gave  some 
me  in  the  gi-atlliig,  for  one  portion  would  swell  more  than  another, 
pile r  to  facilitate  the  work,  clianitient  and  turn-tables  were  jilaeed  at 
IvmIh  of  one  thousand  feet.  These  were  nsed  for  the  storage  of  ma- 
ll«  and  for  mixing  eeineut,  and  ftu-  turn-out  tnwks  for  the  cars.  As 
iiurk  progrc'ssed  iron  rails  were  substitute  for  woo<l  in  the  tram' 
■,  aod  small  nmles  were  used  to  ilraw  the  cars  instead  of  men.  By 
■inse  facilities  the  in:onomy  and  rapidity  of  execution  uf  iLe  work 
1  increased. 

L  VEXTILATION. 

b%'«ntf1ation  of  tlic  first  half  mile  of  the  tunnel  was  effected  by 
Bog  Hits  vitiated  air  out  through  n  pipe  connected  with  the  chimney 
Ki  Itoiltix  furnace,  but  toward  the  last  this  method  msis  found  to  lie 
BffBCtaal  and  unrelUible  that  it  was  abandoned,  and  one  of  Alden'a 
mn  wa«  used  with  complete  8u<M-e8». 

W  PLKCtSa  THE  C'lUn. 

fee  ertl)  tlirougb  which  necess  was  to  be  obtJiincd  to  the  bed  of  the 
Mtr  tbo  exc:ivation  of  the  tuuuel  from  that  i>otnt  shoreward,  simul- 
bttaly  with  the  progress  of  the  shore  end,  was  not  phieed  in  itositlon 
It  tlie  2.Hb  of  July,  l.Stri,  when  it  was  huniehed  and  lowed  out  lo  it« 
ft  in  lh(!  take.  The  work  of  sinking  was  delayed  somewhat  in  coiise- 
be  of  defective  arrangement  of  and  accidents  to  the  unchors.  JuhI  na 
Bcluid  the  bottom  a  storm  canie  on.  and  as  the  crib  was  nut  sutfl- 
■y  loaded  to  rest  flmdy  upon  the  liottom,  it  was  lilted  with  water  by 
ftttofa  wrei'king  pniup.  After  the  storm  had  subsided,  it  was  found 
■lu>  eril)  had  moved  Ihirtei'n  feet  nortli  of  itM  tme  ]iosilion,  and  that 
B  (wcuuiv  llrmly  imU-thled  in  the  elay  of  the  bottom  of  the  lake.  It 
nbcrefure  deemed  bcwt  not  to  dtsturli  it,  as  the  vuriiilion  fi'om  the 
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exact  position  was  of  no  practical  imi>ortance,  and  it  was  immediately 
filled  with  stone.  It  was  afterward  built  up  three  feet  higher,  so  as  to 
be  secure  from  the  wash  of  the  waves,  and  it  was  covered  in  by  a  build- 
ing to  serve  for  the  protection  of  the  workmen,  the  materials,  and  ma- 
chinery. The  seven  iron  cylinders  making  the  iron  part  of  the  shaft, 
and  sixty-three  feet  of  it  in  height,  were  conne^^ted  together,  one  by  one, 
and  1owere<l  inside  of  the  crib  to  the  bottom  of  the  lake,  within  the  thirty 
feet  wide  open  spiice  in  the  center  of  the  crib.  The  gates  or  valves,  by 
which  the  water  of  the  lake  is  admitted  to  these  cylinders,  are  placed 
near  to  their  upper  end. 

After  the  cylinders  had  been  placed  in  the  right  position,  they  were 
forced  downward  into  the  clay  some  twenty-iive  feet,  the  water  being 
wholly  excluded.  The  masonry  was  then  commenced.  In  the  mean  time 
the  engine  for  hoisting  and  the  necessary  machinery  were  made  ready, 
and  the  bricks,  cement,  and  other  materials  and  supplies  were  collected 
and  stoixHl  in  the  building  upon  the  to])  of  the  crib.  For  all  the^e  pre- 
parations a  much  longer  time  was  consumed  than  was  anticipated,  and 
the  work  upon  the  tunnel  at  that  end  did  not  commence  before  the  Ist 
of  January,  18G6,  after  which  the  work  ste>adlly  progressed. 

The  material,  through  which  this  outer  iwrfion  of  the  tunnel  was  exca- 
vate<l,  was  found  to  be  similar  to  that  at  the  in-shore  end — a  stiflf, 
hard  clay. 

By  August  15,  1866,  the  inshore  ptu't  of  the  tunnel  had  progressed 
7,100  feet,  and  the  outer  or  lake  end  1,725  feet,  leaving  of  the  two  mile-S, 
or  10,560  feet,  only  1,675  feet  to  be  excavated.  This  shows  a  progress 
at  the  land-shuft  end  of  5,135  feet  since  April  1, 1865,  which,  for  a  i)eriod 
of  427  working  d^a^s,  gives  an  average  of  twelve  feet  i>er  day,  including 
all  stoi)pages  of  whatever  n^iture.  Frequently  the  rate  was  fifteen  feet 
a  day  for  a  week  at  a  time. 

In  coiiiinencing  the  lake-shaft  end  of  the  tunnel,  it  was  excavated  for 
about  sixty  feet  to  the  eastward,  in  order  to  facilitate  the  ^alignment. 
The  ground  at  the  lake  end  was  found  to  be  very  similar  to  that  at  the 
other,  but  more  liable  to  cave  in,  and  consequently  rather  more  difiicnlt 
and  expensive  to  work. 

COMPLETION  OF  THE  TUNNEL. 

On  the  21th  of  November,  1866,  the  two  parties  which  had  been  slowly 
neariiig  earh  other  in  theirwork  of  drifting  and  lining  the  tunnel,  the  one 
workiu;^  from  the  sliore  shaft  outward  and  the  other  from  the  lake  shaft 
inward,  were  84»parated  fix)in  each  other  by  a  thin  wall  of  clay  aliont 
two  feet  thick,  8,277  feet  from  the  shore  shaft  and  2,290  feet  from  the 
lake  shnft.  On  the  30th  this  barrier  was  removed,  and  the  engineers 
]>asse<l  tlirough  from  one  end  of  the  tunnel  to  the  other.  When  the 
work  of  the  two  ])arties  was  brought  together,  the  two  portions  of  the 
tunnel  were  found  to  coincide  almost  exactly  both  in  line  and  level,  the 
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ali^nient  varying  but  seven  and  three-fouiiihs  inches  and  the  levels 
agreeing. 

The  masonry  uniting  the  tw^o  parts  of  the  tunnel  was  formally  closed 
np  December  6, 1866,  by  his  honor  Mayor  Bice,  and  the  citizens  were 
permitted  to  insi)ect  the  work.  There  tben  remained  tbe  side  cbambers 
to  be  filled  up  and  the  entire  tunnel  to  be  cleaned  out  This  was  all 
carefully  done,  and  the  water  was  first  let  into  the  tunnel  from  the  lake 
on  the  8th  day  of  March,  1867,  and  on  the  11th  it  was  filled  to  the  level 
of  the  lake.  The  water  was  then  pumi>ed  out  sufficiently  to  allow  a 
boat  to  pass  upwanl  of  half  way  from  the  crib  to  the  land  shaft.  Not 
a  brick  was  found  to  be  displaced,  and  it  could  not  be  perceived  that  the 
slightest  fracture  had  anywhere  taken  place  by  the  pressure  to  which 
the  masonry  had  been  subjected.  As  it  was  very  desirable  to  use  the 
tunnel  as  soon  as  possible  it  was  thoug:ht  unnecessiiry  to  pump  out  the 
whole  of  the  water,  and  the  tunnel  was  again  Ailed.  Tlie  formal  and 
public  oi)ening  took  place  on  the  25th  of  the  month,  and  since  that  time 
Chicago  ha^  been  free  from  the  annoyances  of  impure  and  fetid  water. 

It  is  an  interesting  fact  that  this  tunnel,  like  the  Croton  and  Cochituate 
aqueducts,  is  foimd  to  deliver  more  water  under  a  given  head  than  the 
formula  in  common  use  calls  for. 

The  following  summary  shows  the  number  of  days  occupied  in  con- 
structing the  tunnel,  the  amount  of  excavation,  and  the  quantity  of 
materials,  used : 

Tvne  and  materials  required  in  the  construction. 


Deacription. 

Bays 
occupie<l. 

Excava- 
tion. 

5^?k        Brick.. 

Cement. 

Extnudnn  west  -• 

37 
31 
953 
17 
19 
35 

L,/tet 
144 

L./rft    '       No. 
144         43. 193 

32.000 

Barrel*. 
2S9i 

Taad  ahAft          

114 

Lftke  timnel  f center  to  CM*iiter  of  shafts) 



10.567 

10.567   2,393,334 
10. 907 

•.589i 

l^k»  abaft     .                                   

31 

Kxtanaion  caat 

65 

65        20.8^0 
51.250 

106 

Ri»h»  cliiuiilM*rs  . . , 

246) 

1 

Grand  totals 

1.094 

10, 776 

10.776  2.550.754 

1 

10^339 

The  total  cost  of  the  lake  tunnel  at  the  time  of  its  completion 
amounted  to  $457,844  95. 

This  amount  is  made  up  of  the  following  items : 

^  Engineering  and  superintendence $28, 744  02 

Printing  and  advertising 375  13 

Miscellaneous 6, 250  03 

Labor 2.096  20 

Lumber 1,142  72 

PUes 1,258  29 

Hardware ^ 

&Mtin  gs . . , 
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Lake  shaft  gates  and  chambers (12,  G29  86 

Dredging  for  crib 1, 500  00 

Tugs  for  board  and  employes 6, 718  17 

Discount  on  bonds 14, 686  35 

Opening  celebration 979  18 

Dull  andGowen,  (contractors) 380, 784  GO 

Total 457,844  95 

It  appears  from  the  statements  and  books  of  the  contractors  that  the 
actual  cost  of  their  work,  deducting  profits,  was  not  more  than  $330,500. 
The  crib  and  outer  shaft  cost  $117,500 ;  the  land  shaft  cost  $12,000 ;  the 
west  extension  and  connection  with  the  gate-chamber,  no  part  of  the 
original  contract,  cost  $6,000,  leaving  $195,000  as  the  cost  of  the  tunnel 
proper.  This  being  10,567  feet  long  made  the  cost  to  the  contractors- 
$18  45  per  lineal  foot.  The  usual  prices  paid  for  labor  were,  for  labor- 
ers, $2;  masons,  $5;  engine  men,  $3  per  day;  for  brick,  $14  per  thou- 
sand 'y  for  cement,  $2  75  per  cask  of  300  pounds. 

ENGINE  HOUSE  AND  PUMPING  ENGINES. 

Upon  Plate  I,  which  is  somewhat  crowded  with  figures,  will  be  foundL 
plans,  sections,  and  elevations  of  the  tunnel,  and  particularly  of  th^ 
pumping  works  and  engines.    The  upper  figure  shows,  upon  a  suudL 
scale,*  a  general  plan  of  the  whole  line  of  the  tunnel,  with  a  plan  of  th^ 
pumping  works  and  the  old  inlet-basin  from  which  the  water  was  for- 
merly pumped  at  one  end,  and  the  crib  or  lake  shaft  at  the  other  end. 

In  the  right-hand  lower  corner  of  the  plate  will  be  found  a  section  of  the 
shore  end  of  the  tunnel,  with  the  connecting  shafts,  pump  well,  pumping 
engine,  the  water  tower,  and  connecting  pipes.  This  section  is  along  the 
line  C  D  of  the  plan  above  it,  which  shows  the  general  arrangement  of 
the  works  and  buildings,  the  direction  of  the  shore  inlet  and  of  the  end 
of  the  tunnel.  An  enlarged  plan  (scale  -^q)  of  the  engine  house  is  given 
in  the  center  of  the  lithographic  plate,  with  a  front  elevation  of  the 
building  and  of  the  water  tower  upon  the  same  scale  in  the  left-hand 
lower  corner. 

The  buildings  for  the  pumping  engines  and  water  column  are  unusu- 
ally commo<li()U8  and  beautiful,  and  are  constructed  of  stone  in  the  cas- 
tellate<l  style,  from  designs  by  W.  W.  Boyington,  architect  They  are 
shown  in  elevation  <and  in  plan  upon  a  scale  of  j|^  upon  Plate  I.  The 
building  has  a  frontage  of  148  feet  in  length  and  a  depth  of  144  feet  9 
inches.  Only  one  end  is  yet  occupied  by  the  pumping  engines,  space  being 
reserved  for  others,  which  it  is  expected  will  be  required  before  the  year 
1875.  The  site  reserved  is  shown  in  the  plan  as  also  the  i)laces  which 
were  occupied  by  the  engines  erected  in  1855  and  in  1857. 

One  of  the  pair  of  pumping  engines  now  in  use  is  shown  in  section 
ui)on  a  scale  of  y|^.    It  is  a  donble-acUng  pump  twenty -eight  inches  in 
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diameter  ami  eight-foot  stroke.  Tlw  cyliiiders  are  forty-four  incilies  in 
diameter  niid  tLe  stroke  ia  the  same  tia  in  the  piiuips.  They  take  the 
~\vatei-  from  a  sump,  or  well,  lined  with  brick  aiiU  commuiiicatiiig  by  meaaa 
of  a  curved  tiiuuel  with  the  main  lake  tuDuel  through  the  shore-eiiil  shaft, 
as  shown  Hiion  the  phiu. 

Upon  Plate  II  will  be  found  plana  and  sections  of  the  cilb  and  lake 
shaft,  and  its  connections  with  the  tunnel  below,  also  dt^tails  of  the  con- 
strnction  of  the  iulet  gates  and  bnlk-henil.  These  plans  and  sections  of 
the  crib  show  the  method  of  framiug  and  brneiug,  ami  the  filling  with 
stone.  The  combined  vertical  section  of  the  crib  and  shaft  is  upon  a 
scale  of  Yef  "^^^  details  of  the  tunnel  inlet  gates  and  the  bulk-head 
are  upon  a  scale  of  ^j.  The  details  of  constructiou  of  the  chamber 
gates  at  the  shore  end  are  given  upon  Plat«  I. 

I 

^^rerranean  and  the  Ked  Sea  is  not  a  modern  idea.  Sesostris,  who 
wigiied  in  Egypt  about  1700  B.  C,  is  believed  to  have  cut  the  tirst  canal 
le^ing  from  the  Nile  to  the  Red  Sea.  This  canal  was  reopened  by  Kecho 
and  Psainniiticua  iilwut  050  B,  C,  and  was  repaired  by  Darius  seventy- 
five  years  later.  The  Roman  emjierors  Trajan  ami  Adrian  caused  a 
branch  to  be  dug  to  the  main  body  of  the  Nile,  and  continued  the  canal 
to  Suez.  In  the  year  780,  or  about  that  time,  the  canal  was  partly  Ailed 
lip,  and  since  the  conquest  of  Egypt  in  1380  the  caual  has  been  wholly 
abandoned.  In  1709  Napoleon  had  a  line  of  suneys  extended  aitross 
the  isthmus,  to  jiscertaiu  the  difference  of  level,  if  any,  between  the  two 
seas.  His  engineer,  who  worked  hurriedly  and  without  i)roper  inatni- 
iiients,  reported  a  difference  of  nearly  thirty-three  feet.  Hi  1847  M. 
liourdaloiie,  a  French  engineer,  ascertained  that  the  iliffereiice  of  mean 
tiile  in  the  two  seas  amountetl  to  only  sbc  and  a  half  inches. 

In  18.11  ^Ir.  Ferdinand  Lesseps  was  authorized  by  Mohammed  Said, 
for  the  Egyptian  goi'ernnient,  to  form  a  company  for  the  purpose  of  dig- 
ging a  ship  canal  from  sea  to  sea,  with  the  exclusive  right  of  transit  tor 
ninety  niue  years  from  the  day  of  completion.  The  canal  was  begun  in 
1859  by  Mr.  Ferdinand  Lesseps,  and,  at  the  date  of  this  publication,  is 
open  to  the  commerce  of  the  world. 

The  nature  of  the  region  over  which  the  t-iinal  passes,  the  topography, 
the  geology,  the  machines  used  in  excavating,  and  the  details  of  the 
eonstniction  were  nmst  fully  shown  at  the  Exposition  by  means  of  mod- 
els, plans  in  relief,  maps,  photographic  views,  and  descriptive  publica- 
tions. It  is  from  the  latter  that  the  following  descriptive  notices  have 
~tyeen  chiefly  compiled. 
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THE  ROUTE  OF  THE  CANAL. 

But  before  proceedinjg^  to  give  some  details  of  the  constrnetion  and 
working  of  the  various  apparatus,  a  bird's  eye  view  of  the  great  work  is 
desirable. 

Tire  canal  is  one  hundred  miles  long,  and  extends  nearly  north  and  - 
south  from  Port  Said,  on  the  Mediterranean,  to  Suez,  on  the  Red  Sea.  - 
The  isthmus  at  this  place  is  low,  and  the  canal  follows  a  marked  de-  — 
pression  or  valley,  and  for  a  great  part  of  the  distance  is  dug  in  the  bedi 
of  shallow  lakes,  and  traverses  the  dried-up  basins  of  former  lakes 
fietr  below  the  level  of  the  adjoining  seas  that  little  or  no  excavation  h 
required.  The  highest  ridge  or  plateau  is  El  Guisr,  some  ten  mih 
wide,  and  rising  to  a  height  of  about  sixty-one  feet  above  the  sea  level. 
Here  a  cutting  some  eighty-seven  feet  deep  was  required. 

There  is  abundant  evidence  that  at  a  comparatively  modem  geologi- 
cal epoch  the  two  seas,  if  they  did  not  unite  through  these  remarkable 
depressions,  at  least  a])proached  so  nearly  that  the  isthmus  was  con- 
tracted to  the  plain  of  El  Guisr,  while  the  Mediterraneim,  filling  th< 
basin  of  the  shallow  lakes,  washed  the  dunes  of  E\  Ferdane ;  and  th< 
Bed  Sea,  by  the  Bitter  Lakes,  reached  the  opposite  side  of  this  narrow^ 
plateau.    Numerous  shells,  similar  to  existing  species,  found  fossil  int. 
the  interior,  and  abundantly  distributed  over  the  surface,  confirm  the 
accuracy  of  this  view.    Mr.  Lesseps  thinks  that  this  was  the. place 
crossed  by  the  children  of  Israel,  led  by  Moses  and  Aaron. 

The  greatest  length  of  the  basin  of  the  Bitter  Ijakes  is  about  twenty- 
two  miles,  and  it  varies  in  width  from  two  and  a  half  to  five  miles.  The 
depth  below  the  sea  level  ranges  from  eight  to  nine  metres,  about  thirty 
feet.  This  vast  depression  has  been  filled  through  the  canal  by  the 
waters  of  the  adjoining  seas.  It  is  computed  that  this  basin  contains 
nine  hundred  millions  of  cubic  metres  of  water,  and  it  now  forms  a  vast 
interior  lake,  where  the  navies  of  the  world  may  fioat  in  safety.  It  has  been 
a  dry  and  parched  desert  from  time  immemorial,  and  its  bottom  was  cov- 
ere<l  with  salt  and  crusts  of  gyi)sum,  in  fantastic  forms.  It  now  serves 
not  only  as  a  convenient  waiting  place  for  vessels,  but  equalizes  the 
flow  of  the  waters  caused  by  the  tides  and  the  prevalence  of  northwest 
wihds,  and  thus  renders  locks  or  gates  in  the  canal  unnecessary. 

MATERIALS  THROUGH  WHICH  THE  CANAL  IS  EXCAVATED. 

The  materials  through  which  the  excavation  of  the  canal  has  been 
maile  are  generally  soft  and  unconsolidated,  being  the  sands  and  finer 
sediments  of  the  delta  of  the  Nile,  overlaid  by  the  accumulation  of  sand 
thrown  up  by  the  action  of  the  Mediterranean.  At  Port  Said  a  littoral 
cordon  of  fine  saind  separates  the  Mediterranean  from  Lake  Menzaleh,  a 
shallow  expanse  of  water,  dotted  with  low  sandy  islands,  wliich  appear 
to  be  remnants  of  ancient  sandy  beaches,  and  to  rest  uiK)n  lacustrine 
clays.  Passing  the  Ballah  Lakes  (often  without  water)  to  El  Ferdane, 
the  surface  becomes  undulating,  and  tiie  formations  consist  of  sand,  in- 
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brstratified  with  beds  of  cla.v.  In  some  places  the  sand  is  cemeoted  8« 
ajii  to  t'oriu  triw  snndHtniie.  ITiion  the  platesin  of  El  Guisr  is  the  city  of 
the  same  iiniui?,  built  by  the  company.  From  this  place  the  view  to  the 
east  and  soiith  comprises  the  (ieserts  and  uiotmtaiiis  of  Syiia  in  the  dis- 
tance. Tlie  platoau  des  Hyenes,  the  Djebel-Mariam,  and  certain  pmts 
<if  the  plain  on  the  east  of  Lake  Timsah,  afford  limestone  suitiihlc  not 
only  for  burning  but  for  construction. 

As  there  was  no  port  or  prttectiou  for  shipjiing  upon  the  Meditena- 
nejin  side,  it  became  necessary  to  make  one.  This  has  been  done  by 
throwing  ont  two  piers  or  breakwaters,  one  two  and  a  half  miles  long, 
the  other  one  and  a  half  mile  long;  one  projecting  beyond  the  otJier, 
bat  giving  n  clear  juissage  into  the  harbor  a  quarter  of  a  mile  wide.  The 
shore  cnih<  of  these  piers  are  about  fifteen  hundred  yards  apart. ;  a  tri- 
angular 8|iacc  is  thns  secured,  land-locked,  and  gives  a  safe  and  commo- 
dJ(^U8  hai'bor,  the  best  of  any  upon  the  eastern  shore  of  the  Mediber- 


EXTENT  OF  THE  EXHIBITION  MADE  BY  THE  COMPANY. 

The  exhibition  made  by  the  Isthmus  of  Suez  Canal  Company  occupiwl 
t;  e^arate  building  iu  the  park  of  the  Exposition,  and  comi>rised: 
(  iu  relief,  photographs,  drawings,  models,  machines,  and 
k,  giving  a  general  lepresentatiou  of  the  scene  of  operations,  the 
MB  employed  to  carry  them  into  execution,  and  the  system  nf  trac- 
tion for  the  transport  of  merchandise  from  one  sea  to  the  other.  Second, 
Various  collections  illustrating  the  natural  history  and  geology  of  the 
IsUtmus  of  Suez.  Third.  A  diorama,  showing  that  part  of  the  isthmus 
CBioeJMHl  by  the  canals  of  the  company. 

PART. — No.  1.  A  relief  plan  of  the  isthmus,  and  a  part  of  Lower 
T  with  the  system  of  canalization  of  the  delta  of  the  Nile ;  the  line 
'  of  the  railway  from  Cairo  to  Suez ;  the  development  of  the  fresh-water 
eanal,  and  the  cutting  of  the  maiitime  canal  across  the  Isthmus  of  Suez. 
No.  2.  I'lan  in  relief  of  the  port  and  town  of  Port  Said,  erected  by  the 
Company;  entrance  of  the  canal  in  the  Mediterranean,  with  represeuta- 
tiou  of  the  works.  No,  3,  Plan  iu  relief  of  the  town  of  Ismaiba,  located 
and  built  up  by  the  company  iu  the  center  of  the  isthmus,  on  the  mar- 
ten of  Lake  Tiuisuh,  at  the  point  of  Junction  of  the  maritime  canal  with 
tbe  canal  of  fresh  water  derived  from  the  Nile — the  administrative  center 
of  the  works  No.  4,  Plan  iu  relief  of  the  port  and  town  of  Suck,  and 
entrance  in  the  Red  Sea  of  the  fi-esh  and  salt  wat<)r  canals,  with  repre- 
sentation of  the  works.  No.  5.  Finn  iu  relief  of  the  plateau  of  El  Gniar, 
which  is  the  most  elevated  jwint  of  the  isthmus  on  the  line  of  the  man- 
time  cAual.  This  plan  represents  in  detail  the  works  in  course  of  execu- 
tion>  and  shows  the  cutting  by  means  of  which  the  company  tills 
Lake  Timsah  fn>m  the  Mediterranean.  There  are  also  shown  the  estab- 
lishmeut  ol'  sheds  for  the  excavators,  the  system  of  digging  by  manual 
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labor,  and  the  eaitliworks  aud  tmokH,  Nii.  0.  Tlie  general  plan  of  I 
tstablisLuieiit  at  Ismailiu,  containing  the  machinery  for  raisiug  aud  dil 
tributitiR;  fl^esh  water  along  the  whole  line  of  works  from  Isuiailia  to  Pcrf 
Said,  by  means  of  three  st^ani  eugiuos  aud  two  coudnita,  executed  b| 
Mr.  Lasseron,  contractor  for  the  company.  Ko.  7.  A  large  model  nf  ti 
canal,  ou  tlie  scale  of  three  in  one  huudred,  on  wbich  were  plac4 
models  of  the  principal  mai:biue^  employed  in  the  excavation  of  the  mS 
itlme  canal,  iu  their  proi»er  positions ;  that  is  to  eay,  A,  a  dredging  a 
chine,  excavating,  and  at  the  same  time  throwing  up  the  eartJi  to  a  « 
siderabte  distance,  (designed  by  Messrs.  Borel  and  Levalley,  contraotol 
under  the  company,  and  constructed  by  tbe  Society  of  the  Forges  at 
Works  of  tlie  Mediterranean ;]  B,  an  apjiai-atus  connected  with  t 
dredging  mRfrbiues  tor  throwing  the  earth  over  the  banks  when  the  I 
ter  aretoo  high  for  the  action  of  the  dredges  themselves,  (planbyMessd 
Borel  aud  Levalley,  and  esecnt«d  by  the  same  company;)  C,  a  gn 
lighter,  intended  to  transport  cases  full  of  tbe  e^cavat«d  earth  from  t 
dredging  machines  to  the  elevating  apparatus,  (planned  by  Mesa 
Bore)  and  Levalley,  and  esecnted  by  Messrs.  Gonin  &  Co.;)  D,  vea 
employed  to  convey  to  the  open  sea,  or  to  tbe  middle  of  the  lakes  in  tl 
interior,  the  earth  excavated  by  the  dredgiug  machines  in  those  pi 
of  the  canal  which  are  near  tbe  lake  or  the  sea,  (executed  by  Mef 
Henderson,  Coulhoni  &  Co.,  and  Mr.  Thomas  Bollin  Seath,  of  Glasgro* 
E,  a  lighl«r  with  side  clap-valves,  used  for  the  same  purpose  as  the  p 
vious  vessel,  with  this  difference,  that  the  lighter  being  especially  | 
tended  to  carry  the  earth  iu  tbe  lagoons  or  baiiiins  in  the  iuterior  of  t 
country,  is  discharged  by  the  side,  (designed  by  Messrs.  Borel  and  | 
valley,  aud  executed  by  Messrs.  Gouiu  &  Co.;)  F,  a  dry  excavat<«'^ 
dredging  machiue,  employed  at  El  Guisr.  This  apparatus  is  baelB) 
against  tbe  part  upon  whicli  it  o[>erates,  and  throws  the  eartJi  ii 
trucks,  brought  to  it  by  a  locomotive,  (planned  by  Mr.  Gouvren,  o 
tractor  under  the  company,  and  executed  by  Mr.  Galbert,  of  Lyons;  ] 
trucks  by  Messrs,  Maize,  Yoisine,  and  Tonchard,  and  the  lot^motives  | 
Creuzot:)  G,  a  tug  intended  to  tow  the  daily  trains  carrying  merchandi 
from  Port  Said  to  Suez,  aud  vice  versa,  by  the  company's  canals,  (pltuuu 
by  Mr.  Bougui^,  aud  executed  by  Messrs.  Glaparede  &  Co.,  of  St.  Denil 
Ko.  8.  A  aeries  of  photographs,  drawings,  and  charts,  used  in  the  prep 
ration  of  tbe  plans,  iu  relief,  aud  uLso  the  diorama  representing  the  vai 
ous  works  ou  the  isthmus. 

Second  pakt. — No.  l.  A  geological  collection  of  the  various  Boi 
fouud  along  the  whole  line  of  the  salt-water  canal,  irom  one  sea  ' 
another,  (collected  by  Mr.  Laurent  Degou8i.%,  after  the  iudicati<H)B  i 
M.  Elie  de  Beaumont,  senator.)  No.  2.  A  collection  of  objects  iu  ni 
ni-al  history,  and  other  things  collected  in  Egypt,  namely,  medals  ai 
UDcieut  coitis,  statuettes,  pottery,  mineralogy,  shells,  fossils,  madrepore 
(wtrifactions,  reptiles,  and  butteTlties.  This  collevtioi>,  whieii  belong 
to  the  museum  of  Peiidiigiiaii,  and  which  the  municipiil  i'i>iini-il  of  thl 
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"•rcffn  kindly  leut  to  tLe  ooiii()any,  was  eollected  in  Egj'pt,  and  pre- 
i^^i'Jited  to  his  native  town  by  Dr.  Compauys,  jr.,  physician  to  tlie  8aez 
<~  ^rnial  ComiKiny.  Ho.  3.  A  collection  of  objects  of  natural  history, 
S:_ilai>ts,  cnistacea,  miuenilogy,  insects,  madreiiores,  fishes,  and  birds, 
Tlii»  collection  was  made  on  the  isthmus,  aud  also  in  the  waters  of  the 
^^Jedittn'auean,  at  Port  Said,  and  in  the  waters  of  the  Red  Sea,  at  Snez, 
sind  at  various  interior  l»kes,  by  Captain  Bandouin. 

TaiBD  PAHT. — The  diorama,  executed  by  Roub^,  decorator  of  the 
«pera,  untler  the  direction  of  Mr.  Alfi^d  Chapon,  architect  to  the  com- 
Jiaiiy,  after  a  complete  aud  unmerouB  series  of  photo^'aphs,  shows  from 
*>ue  eud  to  the  other  the  whole  of  that  part  of  the  isthmus  which  is 
traversed  by  the  company's  canal,  as  it  exists  at. the  preseut  <l»y,  with 
"tile  towns,  the  workshops,  the  machines,  and  the  entrance-ports  of  the 
<:<vtial  on  the  Mt'diternuieau  and  Eed  Sea,  Port  Said  and  Suez. 

^L  THE  DIMENSIONS  OF  THE  CANAL. 

^H|  The  canal  is  S^.OO  deep  below  the  water-line.    The  breadth  of  the  bottom 
^^**  plafond" }  is  eveiywherc  SB^.WI,  but  at  the  water-level  it  is  SS^.OO,  in 
Diat  portion  traversing  El  Gui8r,S6rap^um,  and  Chalouf,  a  distance  of 
s*.  t)oiit  3S  kilometres  in  all.    In  other  portions  the  breadth  is  lOC^.OO, 

The  sloiM!  of  the  talus  is  determined  In  ea^^h  region  traversed  by  the 
<.--aiial  by  the  nature  of  the  earth  and  materials  thrown  ont.  Tlie  iueli- 
nation  is  never  less  than  two  of  base  to  one  in  height. 

In  those  portiouR  where  the  breadth  is  only  SS^.OO  thwe  is  on  each 

1,  one  metre  below  the  surface  of  the  water,  a  bench  or  Ciiuaeway 

^00  wide,  and  where  the  breadth  of  the  canal  is  HM)"'.00  the  breadth 

f  Uie  bench  varies  with  the  natnral  slo^w  of  the  tains.    The  form  of  the 

n  varies  with  the  height  of  the  banks  and  the  nature  of  the  mat«- 

The  annexed  figures  show  the  form  at  the  ridge  of  Bl  Guisr  aud 

Fig.  I. 


at  the  shallow  lakes  and  low  gi-onnd.  Fig.  1  is  the  sectiou  across  the 
canal  at  the  high  ground,  and  it  indicates  also  the  levels  of  Serapenm 
and  Chalouf.  Fig.  2  shows  the  tbrm  of  the  banks  adopted  to  prevent 
washing  down  by  the  waves.  The  banks  A  A  are  3!)4  feet  apart,  tlias 
leaving  a  low  sliclving  hank  B  B.  In  order  !«  deposit  the  di-edgings  at 
sach  a  great  <li.stan<'e  as  the  lianks  A  A,  on  each  side,  it  was  found  iieces 
sary  to  resort  to  the  use  of  dredges  with  long  cliut^s. 


THE  GREAT  DREDGKS. 

The  tiollowing  are  tlie  dimensions  and  general  arrangement  of  t 
great  (Irertges  made  for  tbe  oompany :  Length  of  hull,  30^.00  j  breadtl 
8».0O;dfpth,3n'.0O;  draught  of  water,  l'"M.  The  hull  i»of  iron.  Theei 
gine  of  each  dredge  is  vertical,  direct-acting,  condensing,  with  two  cylin 
der»,and  nominally  35  horse-power.  The  total  heatingsurfaeeoftheboilez 
1b  81  8(jiiare  metres.  A  single  line  of  dredge  buckets  is  supported  in  th 
center,  the  upjter  roller  being  8" ,50  above  the  water  level.  This  line  a 
buckets  is  19'".50  long,  and  in  some  of  the  dredges  the  buckets  have  ad 
pacity  of  350  litres  and  in  others  300  litres.  Tbe  lower  roller  or  bearin| 
over  which  the  buckets  pass,  can  be  elevated  and  thrown  forward  of  tli 
boat  80  that  au  excavation  may  be  made  in  advance  where  the  banks  a 
above  the  bottom  of  the  hull. 

These  twenty  dredges  were  supplied  with  ordinary  chutes  for  the  il 
livery  of  tbe  earth  into  barges  at  the  side,  but  afterward  longer  chntfl 
were  constructed  so  as  to  deliver  the  materials  at  a  distance  of  25".0 
from  the  dredge.  E\en  these  long  ebntes  were  found  insufflcieni 
and  forty  other  dredges  were  ordered,  four  of  them  made  with  cfaat< 
flO™.00  long,  eighteen  with  chutes  TO^.OO  long,  and  the  otliera  wiB 
tbe  oi'dinary  chutes.  These  dredges  resembled  iu  their  general  constriiil 
tion  the  first  twenty,  but  the  length  of  the  hull  was  increased  to  SS^.OO 
tbe  breadth  to  8"'.3U ;  the  depth  to  3"" .16,  and  the  draught  rcdaca 
to  1".50.  The  engine  had  the  same  nominal  power,  exerting  easily  apa 
the  pistons  a  force  of  7,S7')  kilogram -meties.  The  Irailei'  had  a  heatinj 
surface  of  108  square  metres.  The  dredge  buckets  had  a  capacity  fl 
400  litres  in  some,  and  300  in  others.  The  dimensions  of  the  transvera 
section  of  the  links  which  united  these  buckets  into  an  endless  clu 
were  0^.18  by  O^.OSS.  The  bolts  were  of  tempered  steel,  and  th 
eyes  were  bushed  with  steel,  also  tempered;  tbe  holes  being  0".Q 
in  diameter.  The  dredges  with  the  ordinary  delivery  chutes  blM 
tbe  upper  reller  placed  11"'.50  above  the  water;  and  those  with  tbl 
chutes  U0"'.00  long  ha^l  theirs  at  the  same  height,  but  those  mad) 
with  chutes  70"'.00  long  were  raised  higher,  to  l-t'^.SO  above  the  watfl 
level. 

The  constniutiou  and  genei-al  arrangement  of  these  dredges  with  lon| 
chutes  is  shown  by  the  accompanying  tigiu'es.  Pig.  3  is  a  vertical  i 
tion  and  Fig.  4  »  plan.  The  chutes  are  sustained  by  lattice  girders,  am 
they  are  supported  upon  a  barge  moored  parallel  to  the  si<le  of  tlu 
dredge,  and  iu  sucli  a  manner  upon  telescopic  supports  that  they  m^ 
be  raised  or  lowered  at  pleasure  by  means  of  a  hydraulic  hoist,  and  thui 
be  inclined  at  diflerent  angles. 

The  attachment  of  tbe  chute  to  the  dredge  is  not  rigid  but  permits  o 
much  movement,  and  is  formed  by  a  horizontal  hinge  which  i>erraits  tW 
change  of  inclination  when  the  chute  is  raised  or  lowered  upon  thfl 
barge.  The  supports  on  the  barge  are  so  made  that  the  chute  can  M 
turned  horizontally  and  thus  be  placed  parallel  with  the  canal  in  ordei 
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that  with  (tiiP  end  i-e»tiiig 
upon  HDOthcr  barge  it  can 
Ik-  iiioveil  from  one  plaee  to 
anothor  with  rase. 

The  MH'tiiin  of  the  rhuti'rt 
has  the  fijnire  of  a  half 
ellilise  O'-.W!  ileep  ami  V".'M 
wide. 

Two  rntary  piiinps  phieed 
iilKmtliedre<lf!;<>,aiid(lnvt'ii 
by  the   eiiKiue,    tlimw    a 
Mmim  of  water  into  the 
qipor  end  of  the  finite,  sn 
a*  to  wash   the   di-edKnifT 
down  th)'  sloi>e.     In  case 
these  ]>nuips  do  not  .siiiiply 
tnffii^ent   water    to    e fleet 
(bi«  washing  init  with  some  2 
kinds  of  earth,  the  burge  =■ 
Thieh  sustains  the  ehute  £ 
also  eanies  a  iMtrtable  en-  ~ 
^ne  working  a  pnnip  eajm-  Z 
blif  (if  giving  l.'dl  eobie  me-   | 
lw«ofwateiauhonr.    The  5 
*iiter  from  this  |iiinip  i.s  de-  5. 
livered  into  the  ehiit*'  along  z. 
its  entiiv  length  by  means  = 
"fHIuiH'pieire<l  with  hole.".  § 
In  iidditJDii  to  this,  an  end-  £_ 
less  ehain  liirnished  with   = 
i>i-Ri]ierM  is  made  to  nmve    ' 
along  the  bottom   of   the 
i-lmie  whenever  the  mutei-i- 
idsare  too  stltftobe  freely 
discharged  by  the  aid  of  the 
water.    Fine  j«ind  des4-ends 
rapidly  with  an  inelinati<m 
of  fiiiiii  tt-Ml  to l||".(r.  to  the 
lui'tn-,  when  wasln'd  with  a 
<(uiintity  of  water  eipnil  to 
halfofthemateriiil  dredged. 
For  clays,  a  sb>|ic  of  at  least 
tnm  l»"'.lMi  to  O'MIS  to  the 
nietre  irt  ivciniivd,  bnt  less 
wiitiT  in  iieci-KSiiry. 

The:iuniiHldelivvryofttilt, 
Huid,  &c.,  by  the  ilrctlgcH 
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plan  uf  the  Dndfle  with  the  long  cfaui< 
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tion  uf  the  cunal  wbirli 
travtrM-x  IjjtkL  Miiizu 
leli,  fltid  tor  iinrtiunti 
wliidi  traxpi-sc  the  iilaiu 
of  S)tez,  rail  tUi  111  irgius 
of  the  gn  »t  Ukes. 
ELEVVTINO  Ml  \RVTIS 
Iiith<V4(  ]K)rtioii'4uf  the 
raiial  whi  u  tUt  gioiiii<l 
vas  ttx)  hiKli  tn  jifniut 
thf  lotip-chiitf  (hwl;fl's 
to  Ik-  iisoil.  the  dcvatiiifr 
apiMrntiis  iibotit  to  be 
desH-nbcil  was  siilisti- 
tnttHl. 

Tlie  attempt  was  fii-st 
madftoworkwitlu-iiiiK's  < 
Itlaceil  iiiiuii  ttie  liaiikft  ^■ 
ami  liaviiig  tbirty-tbrcc  - 
feet  nulias  of  swing,  by  ^ 
tlie  iiid  (»f  which  Iioxes  |' 
filled  with  thf  <Irt'iljriii}is  i, 
*frf  liftiHl  au(1  swung  ? 
ont  to  the  banks  aiiil  z. 
duDijK-cl  or  eniittU'il  into  i 
*  train  of  wagons  on  a  =' 
tramway.  = 

TIk'  elcviitiiig  Jipjiara-  "I 
Insina.v  Ik-  dcMTibcil  iis  | 
a  iwrtahli'  incliiH'il  mil-  ? 
*a,v,  extt-ndiiig  ft-oin  tin- 
diedgci  or  barge  lotiiled 
»itli  dn'dgings,  npwani 
over  the  banks,  and  iiih>ii 
wliicli  trin-ksor  "twJlics" 
carrying  the  boxes  tilled 
with  the  ilif'ilyings  wcii- 
made  to  as<'eiid,  and  ti- 
Dallv  to  dinii]i  tiie  eou- 
teuts  at  the  further  en<l. 
Tile  eoiitrivaiiee  is  hut 
another  form  of  the  long 
rhiite,  the  dilterenee  Ih-- 
log  that  the  hIoim-  is  re- 
Terscil  iiihI  the  tniek  and 
trollies  take  the  place  of 
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tile  I'biiU*  ulttiiK  wliielt,  wlicie  tli«^  biiiikH  art'  low,  the  dredgings  dcwend 
by  }tnivit,v.     Like  the  loiiK  t.'lintt'»,  Hit'  iiicliiu'd  tniinway  is  supported 
I'iK.  <;.  iiboiit  midway,  not  npoo  i 

liimtiu^;;  barge,  but  upoo  > 
sti-oug  truck  running  apoo 
a  mil  way  laid  ui>od  the  bank 
and  pamlU'l  with  the  omuae 
i>{  tht-  t-aiial. 

The  two  fljnires,  Fig.  S, 
»  vertifal  section,  and  Fig. 
ti,  a  plan,  will  give  an  i<lM 
of  the  coustnu-tion  of  the 
a]ipar»tuti. 

Tht>  t  mm  way  is  suppoft<e<^ 
by  two  i>iiniIlol  Uittii-e  gil^' 
t'rs  tic«l  ntjrt'tluT  by  vertic^ 
mtnitsiiiid  united  above  tl»' 
track  by  an-hwl  ties.  Tl»* 
Icnglli  is  alKttit  1^  fveX,  aa<l 
The  iiidiitatioii  id  aboU* 
II"' .ii'  iHT  UH'trt'.  Tlie  lower 
t'ud  is  ulxiut  S^.W*  iihave  tbe 
surfiuv  of  the  watvr  and  th« 
it]i|H-r  cud  over  the  liuuk  i& 
iilxtiu  14".lKi.  The  bauk 
u]Hiii  which  th<-  tnick carr;i:- 
iti^  the  truck  is  laid  is  raised 
aUmt  L"".ui  altovc  the  wa- 
ter. The  lower  end  of  the 
tramway  tx"itsuiKmal>arge: 
the  u|>]H-r  end  i>  quite  fr«e 
_^;ntdjs!»t  suchnhei^htnlwre 
thcUiiikttuit  then* is |>lenty 
of  nn'iii  lor  the  itei-uunla- 
lioll  el  the  dntl^UjTS. 

When  the  a)<|k:mit»«  is 
put  iui<t  openition  a  doat 
^  e;»rT>'.»j;  thi-Uixesof  dtvtlg- 
:!'.jr'  is  riiviu-,1  I'.iider  The 
■..twer  ami  pT\'i«v:in^  «id 
.>:  ;hi'  ,>i>;or.t:'.'.s.  ;uhI  a 
;m\  is  h.k^KiM  .»;•,  to  tb*> 
!i\»13>  «h:.V.  >  jt  the  N»t- 
tom  ot  tlh-  :r»<  V.  A  sieeuu- 
e«i:5«e  «}vvM  tb<-  \»r^  sop- 
)tlN<s  the  fWTT  ^w  dnw- 


auei 
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'lug  tlie  irullj'  iiml  box  U|i  tlie  iucliiiti  auil  for  tipping  the  box  at  the 
Tipper  Biid, 

The  coustrRctiou  of  the  trolly  IB  shown  ill  Fig.  7,  a  side  view,  anil  Fig.  8, 
id  riew.  N  N  arc  tb«  rails  of  the  tramway,  R  the  thime  of  the  trolly, 
UUthe  boxes  of  dredgiugs.  The  wlieel8areext*riial,and  thelower 
ro  are  fixed  upoo  the  axle  while  the  upper  are  loose,  and  the  axl^  car- 
two  larger  wheels  T  T  aud  rlrums  S  H.  U|Km  these  small  drutiis 
S  the  chain  is  coiled  by  wUieh  the  boxes  are  siipix>rt*d,  while  on  the 
larger  dnims  T  T  iron  cables  are  coiled  in  the  opposite  direction.  Tliese 
cables  paes  over  a  pulley  O  at  the  npper  end  of  the  elevator,  and  then  re- 
tuni  to  the  winding  dniia  of  the  engine.  When  this  cable  is  wound 
npou  the  engine  drum  it  uncoils  from  the  drum  T,  and  by  means  of  the 
chain  winding  npon  S  S  raises  the  box  vertically  from  the  float  until  a 
►per  or  guard  V  V  corner  in  contact  with  the  drum  S,  when  the  coil 
npon  8  ceases  and  the  tj-olly  begins  to  travel  np  the  incline  as  the 
le«  unwind  from  T  T.    When  the  trolly  and  suspended  bos  reach 


Fig.  7. 


Fig.  8. 


the  upper  end  of  the  incline  the  box  is  tipped  automatically,  by  means 
of  mllers  X  rnnnitig  lietween  guide  rails  Y  T,  aiui  which  curve  sn<Idenly 
upward  and  thus  raise  the  liack  end.  The  aaTiio  giudes  serve  to  keep 
the  box  horizontal  during  the  tujcent. 

RAFT   BARGES. 

For  canning  the  boxfs  filled  with  the  earth,  delivered  by  the  ordinary 
dredges,  rafts  were  used.  These  were  made  of  two  long  water-tight 
boxes  of  sheet  iion,  IT^-SO  long,  I^.IO  wide,  and  l"'.i!5  high,  kept  at  a 
dist^mee  of  3".00  apart  by  means  of  eight  o[>enwork  partitions,  I>e- 
tween  which  the  boxe-s  for  the  reception  of  the  dredgings  were  placeil. 
Tliese  boxes  when  filled  were  nearly  submerged  in  the  water.  This  ar- 
rangement has  several  advutitages,  not  tlie  least  of  which  is  that  by 
tieing  so  low  the  cbntes  niiiy  be  more  inclined  and  the  height  of  the 
dredge  may  be  leas.    Ninety  of  these  rafts  were  made  use  of. 
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VESSELS  FOR  TRANSPORTING  THE  SAND. 

Ill  the  vicinity  of  the  sea,  aud  iu  the  deep  portion  of  the  lakes,  where 
the  dredgiiigs' could  not  be  deposited  iu  cavaliers  upon  the  sides  of  the 
canal,  they  were  taken  and  emptied  in  the  sea  or  the  lakes  by  means  « 
of  screw-propeller  vessels  called  hataux  porteurs.  Of  thirty-six  of": 
these  boats  ten  were  built  iu  Euglaud  and  twenty-six  in  France.  Those  t 
made  iu  England  are  similar  to  those  which  are  used  upon  the  Clyde  ^ 
and  the  Tyne,  and  have,  in  general,  the  following  dimensions :  Length  of3 
hull,  41^.15;  breadth,  7™. 01 ;  depth,  2™. 97  ;  length  of  the  hold  or  pit,^ 
15'".24;  breadth  of  the  hold  at  the  level  of  the  bridge,  5™. 79 ;  breadth  at^ 
the  bottom,  2™.51. 

The  pit  or  hold  for  the  reception  of  the  dredgings  is  central,  and  its-a 
capacity-  is  about  180  cubic  metres.  It  is  closed  at  the  bottom  by  six-::^ 
pair  of  tra])-doors  opening  downward,  held  by  chains  which  are  woundJ 
around  pulleys  placed  iu  a  frame  above  the  doors.  The  engine  is  nominally — 
50  hor8e-i)ower,  condensing,  and  works  a  screw  2"».438  iu  diamet<?r.  The — ' 
siKjed  of  these  vessels  is  from  six  to  seven  knots  an  hour.  The  boats 
made  in  France  have  a  capacity  of  200  cubic  metres.  Twelve  of  these 
have  the  hold  central ;  the  othei's  have  it  double,  a  pit  in  each  side. 

For  those  portions  of  the  work  where  the  diedgings  could  not  l>e  de 
posited  in  banks  en  cavalier ,  and  where  the  water  was  shallow,  lighters 
with  doors  or  valves  at  the  side  were  used  instead  of  the  vessels  with 
valves  at  the  bottom.  These  lighters,  called  gabares  h  clapeU  laUraujc^ 
are  built  entirely  of  iron,  and  are  32'".50  long  and  G'^.OO  wide.  The 
hold  for  the  dredgings,  divided  into  six  compartments,  is  20°*.0O  long. 
It  is  divided  along  the  center  by  an  air-tight  compartment  of  trianguliu* 
cross-section,  of  which  the  bottom  of  the  lighter  fonns  one  side.  The 
length  of  the  side  clap- valves  is  the  same  as  each  compartment.  They 
are  1'".20  high  and  are  hinged  at  the  top.  Tlu^se  lighters  are  provided 
with  double-cylinder,  horizontal,  high-pressure  engines,  and  they  carry 
from  80  to  90  cubic  metres  of  dredgings  and  draw  1°*.20  of  water. 

DRY  EXCAVATORS. 

This  apparatus  upon  dry  and  elevated  soils  takes  the  place  of  the 
dredgers  used  for  wet  ground.  It  excavates  the  earth  and  delivers  it  into 
wagons  placed  upon  a  tramway.  It  wa.s  used  at  the  ridge  or  plateau 
of  EI  (luisr  to.  enlarge  the  trench  cut  by  the  Egyptian  laborers.  The 
apparatus  consists  of  a  horizontal  framework,  a  staging,  8U])ported  by 
nine  wh(»els  u])on  a  railway  or  tramroad  of  three  mils,  running  ])arallel  to 
the  bench  to  be  enlarged.  This  framework  or  carriage  is  0*".(H)  long 
and  sustains  a  boiler  and  two  engines.  One  of  these  engines  is  used  to 
put  in  motion  a  chain  of  excavating  buckets,  and  the  other  to  move  the 
apparatus. 

There  are  eight  buckets,  and  they  discharge  the  earth  into  a  chute, 
which  projects  .'i"'.00  beyond  the  exterior  rail  aud  delivers  into  the  wagons 
placed  on  a  second  and  parallel  tramway. 
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The  weight  of  the  apparatus  is  nearly  22,000  kih)j^iiiimes.  The  en- 
l^iie  is  fifteen  horse-power.  The  amount  excavated  and  delivered  reaches 
7.50  cubic  metrics  in  ten  horns,  in  sandy  soil,  of  little  resistance.  When, 
l3y  means  of  these  dry  excavators,  the  cut  was  carriwl  to  the  water 
level,  the  remainder  of  the  excavation  was  cut  by  the  dredges. 

ARTIFICIAL  STONE  PIERS  AT  PORT  SAID. 

For  the  construction  of  the  piers  at  Port  Said  stone  blocks  from  quar- 
ries near  Alexandria  were  at  first  employcnl.  It  was  found,  however, 
that  the  cost  was  too  great,  and  it  was  decided  to  manufactui'e  blocks 
of  stone  out  of  tlu»  beach  sand  and  lime.  The  contract  was  given  to 
Messrs.  Dussaud  fr^res,  who  were  the  construcrtors  of  similar  work  at 
Mars^MlIes,  Cherbourg,  and  Alger.  The  sjind  as  it  is  drtnlged  out  of  the 
harlH)r  is  msule  into  a  concrete  or  moitar  with  the  hydraulic  lime  from 
Theil,  Ardeche,  in  France.  The  nmterials  are  ground  together  with  the 
addition  of  a  small  quantity  of  vsea  water  from  time  to  time,  and  when 
the  mixture  has  about  the  <-<)nsistencv  of  thick  mortar  it  is  ranuneil  into 
box  molds  miule  of  plank.  In  about  a  week  the  blocks  so  made  were 
set  sufficiently  to  allow  the  planks  to  1h»  removed,  and  the  bh)cks  were 
then  iH*nuitted  to  remain  exposed  to  the  sun  ami  air  for  three  months 
before  lH»ing  taken  to  the  line  of  the  i>iers  and  submerged.  The  pro- 
portions of  lime  and  sand  used  were  325  kilogrammes  of  lime,  in  dry 
powder,  to  one  cubic  metre  of  sand.  The  dimensions  of  the  l>locks  are 
3™.40  long,  2"MM)  broad,  and  1"'.50  high;  thus  containing  about  ten 
cubic  metres.  A  portion  of  the  foundation  of  the  piers  was  made  with 
blocks  of  four  cubic  metres,  but  the  casing  was  formed  entirely  of  blocks 
of  ten  <-ubic  metres,  or  alM>ut  370  cubic  feet,  and  weighing  alM)ut  twenty- 
two  tons.  According  to  the  calculations  made  in  1807,  at  the  Ex])ositiim, 
the  cubic  contents  of  the  piers  would  be  2r)0,(MK)  cubic  metres.  Alwmt 
tliirtv  of  these  bUn^ks  were  made  dailv  in  1SIJ7,  at  a  contract  cost  of -WM) 
francs  each,  or  about  88  50  per  culm^  yard.  It  was  estimated  that  30,000 
would  be  require<l. 

WORKS  FOR  THE  Sl'ITLY  OF  FRESH  WATER. 

One  of  the  most  interesting  of  the  a<'<'essory  undertakings  necessary 
to  tin*  constru<!tion  of  the  canal  is  the  acjueduct  for  the  supply  of  fresh 
water  for  the  workmen  and  boilers,  and  also  for  the  irrigation  of  the 
soil.  The  great  work,  it  sh<aild  be  renuMubered,  was  to  be  executed  in 
a  desert  region,  wln^re  no  potable  water  couhl  be  i)r4K*ure<l  by  ordiiuny 
means,  and  a  very  large*  supply  was  n»quired  for  the  jiopulation  at  Port 
Saiil,  at  Isnuulia,  and  at  the  various  encampments  along  the  ixmte. 
This  sup]»ly  was  obtained  from  the  Xih».  A  canal  was  dug  from  the  end 
of  the  ancient  canal  at  (ras-sassine  to  a  |>oint  on  the  route  of  the  ship 
canal  at  Ismailia,  nearly  half-way  betwt?en  the  two  extremes.  This  worlr 
was  executed  under  the  direction  of  Mr.  Cazeau,  and  cost  700,000  franc 
It^  length  is  thirty  miles,  its  width  sixty-six  feet,  and  depth 
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with  a  fall  of  two  inches  per  uiile.  It  was  completed  in  1861.  From  its 
termination  at  Ismailia  the  water  was  for  some  time  distributed  to  the 
camps  upon  the  backs  of  camels  and  donkeys,  but  a  cast-iron  pipe  was 
afterward  laid  to  Port  Sai<l  and  the  water  was  forced  through  it  by 
pumps  a  distance  of  fifty  miles.  A  second  pipe  wa«  afterward  laid,  and 
through  these  two  pipes  the  whole  line  of  the  canal  from  Ismailia  to  Port 
Said  is  supplied. 

The  first  pii)e  was  six  inches  in  diameter,  and  the  sexjond  ten  inches. 
Through  these  two  pipes  nearly  55,000  cubic  feet  of  water  are  supplied 
daily. 

The  pumping  engines  are  placed  at  Ismailia.  Tliey  were  constructed 
and  placed  imder  the  direction  of  Mr.  Lasseron.  There  are  three  steam- 
engines,  two  of  fifteen  horse-power  each,  and  the  third  of  twenty-five 
horsepower.  The  first  two  were  erected  in  1863,  and  the  thinl  in  1865. 
The  two  pipes  connect  by  means  of  twenty  joints  furnished  with  gates. 
Upon  the  line  of  these  i)ipes  three  great  reservoirs  are  established,  one 
of  500  cubic  metres  at  El  Guisr,  upon  the  summit  of  the  isthmus,  the 
second,  of  like  capacity,  half-way  between  Isnmilia  and  Port  Said,  and 
the  third  of  700  cubic  metres  capacity  at  Port  Said.  The  pressure  in  the 
pipes  reaches  six  atmospheres,  and  the  highest  reservoir  has  an  elevation 
of  only  twenty  metres. 

SUMMARY  OF  THE  EXTENT  OF  THE  WORK. 

At  the  date  of  the  Exposition  the  total  power  of  the  steum-engines 
employed  ui>on  the  isthmus  was  equal  to  17,768  horse-power,  and  the 
monthly  consumption  of  coal  amounted  to  lli,219  tons.  A  population 
of  25,0(K)  persons  had  been  created  in  the  midst  of  the  desert,  13,000 
of  which  were  lalxn-ers,  C>^liSS  of  whom  were  Syrians,  and  6,91>0 
EuroiH*ans.  The  total  amount  of  earth  to  be  excavated,  according  to  the 
plans  and  estinmt<»s,  was  74,112,130  cubic  metres,  and  on  the  first  of 
January,  1S60,  less  than  17,0(K),000  cubic  metises  remained  to  be  taken 
out. 

Among  the  greatest  dredging  works  which  have  l>een  executed  in 
EuroiH*  the  following  are  cited  for  comparison  with  the  magnitude  of  the 
work  ui)on  the  Suez  canal. 

Principal  dredging  worl's  executed  in  Europe. 

Cnbic  metres. 

Roadstead  of  Toulon 184H-T)7,     9  years    7.400,000 

Glasgow 1844-'65,  21  years    6,606,000 

Newcastle 18<52-Tk5,     3  years    6,009,000 

It  is  also  interesting  to  coinpaiv  the  extent  of  the  work  ui>on  the  piers 
at  Port  Said  with  similar  undertakings  in  Eui»ih».  The  length  of  the 
western  jetty  is  about  3,  KM)  metises,  and  of  the  eastern  about  1,600  metres ; 
the  combiniKl  length  being  about  4,7iM)  metres  and  the  total  contents 
about  250,000  cubic  metres. 
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The  following  table,  for  which  T  am  indebted  to  the  report  by  M.  Ch. 
Marin  ui)on  the  marine  constructions  represented  at  the  Ex])osition,* 
shows  the  magnitude  and  cost  of  the  principal  jetties  of  France  and 
Sugland.  The  dimensions  are  stated  in  metres,  and  the  cost  in  millions 
of  francs.  In  order,  however,  to  make  a  just  comparison  of  the  cost  of 
these  works,  account  should  be  taken  of  the  differences  between  the  bulk 
of  the  walls  above  and  below  the  low-water  line. 

Principal  marine  jetties  of  France  and  England. 


FKAN'CK. 


Oherb(»nrg 

-Algfr 

INke«  and  qiia.vH  of  Jolietto . 
XMkcKt  of  the  NaiH>leon  bajun. 
I'ort  Bayanl 


lA'ngth. 


I 


Moandopth 

below 

low  tide. 


Total 
coat. 


I 


T 


Coat 
per  metre. 


3.750 
1,000 
3.000 
2.000 
100  \  60 
Vort  Cbavagnac.  Cherbourg '  150  X  120 

ENOLANI). 

^ymoath 


12.00 
l&OO 
11.50 
17.00 
4.50 
10.00 


67 
30 
15 
19 
7 
5 


18,600 

16.000 

5.500 

10,100 


Period. 


Portland., 
fioljbead. 
Anripiy . . 
Jertey.... 


1,600 
2,410 
2.250 
1,000 
1,050 


10.00 

40 

25.000  ■ 

17.00 

34 

14,000  ! 

15.00 

37 

16,500 

15.00 

16 

16.000 

10.00 

8 

7.500 

1784—1853 
184!»— 1860 
1845—1852 
1859^1865 
1804—1866 
1854— lt<4 


1817—1851 
1850—1860 
1854—1865 

1847— law 

1846—1856 


EXTRACTS    FROM    THE    RULES    FOR    THE    NAVIGATION    OF   THE 

TNIVERSAL   SHIP  CANAL. 


SUEZ 


Article  1  provides  that  the  navigation  of  the  canal  shall  be  opened  to 
all  vessels  without  distinction  of  nationality,  provided  they  do  not  draw 
more  than  T'^.SO,  e<iual  to  24  feet  7  inches  English ;  the  canal  being 
8".00  ill  dei)tb,  equal  to  26J  feet  English. 

Steam  vessels  will  be  allowed  to  na\igate  through  the  canal,  using 
their  own  proiiellers ;  sailing  vessels,  above  fifty  tons,  will  have  to  be 
towed  with  the  service  established  by  the  company. 

The  maximum  speed  for  vessels  in  the  canal  is  provisionally  iixed  at 
ten  kilometres  per  hour,  equal  to  5.4  English  knots. 

The  tolls  for  the  right  of  transit  are  calculated  on  the  measurement  ton- 
nage of  the  ship.  This  tonnage  is  determined  for  the  present  by  the 
official  paiwrs  on  boaixl.  The  toll  for  passage  from  one  sea  to  the  other 
is  ten  francs  per  ton  measurement,  and  ten  francs  each  passenger, 
payable  on  entering,  either  at  Port  Said  or  Suez.  The  charge  for 
berthing  or  anchoring  either  at  Port  Said,  Ismailia,  or  opposite  the  new 
embankment  near  Suez,  (after  a  stay  of  twenty-four  hours,)  and  limited 
to  twenty  days  at  the  utmost,  is  Ave  centimes  per  ton  per  day,  at  the 
place  assigned  by  the  harbor-master. 

)  Bapportu  da  jury  intornAtioiud,  t.  x,  p.  316.    Tistmix  mMitimffi 
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v.— MISCELLAXEOUS  NOTICES. 

THE  HYDRAULIC  SERVICE  AND  THE  VENTILATION  OF  THE   EXPOSITION 

BUILDING.' 

From  (lata  collected  respecting  the  requirements  of  the  numerous 
services  which  employ-  water  as  a  basis  of  action,  (prcKluction  and  con- 
densiition  of  steam,  cleansing,  watering:,  canals,  cascades,  &c.,)  the  com- 
mitter* of  this  Class  estimated  the  quantity  required  for  the  use  of  the 
Exposition  at  ten  thousand  cubic  metres  per  <hiy.  At  the  rate  of  one 
hundred  litres  per  day,  per  [wjson,  this  supply  would  be  enough  for  a 
town  of  one  hundre<l  thousiind  souls.  This  large  consumption  does 
not  all  require,  however,  to  he  supi)lied  under  the  same  pressure  ;  alx>ut 
one-half  requires  a  charge  of  from  twenty  to  tw(Mity-five  metn»s,  while 
for  the  remainder  a  few  metres  suffice.  The  committee  felt  that  it  would 
be  inconvenient  to  ask  such  a  supply  from  the  munici[)al  authonties 
who  have  so  many  demands  to  nu^et,  and  who  have  not  yet  at  their 
disposal  the  quantity  of  water  which  has  l)een  lixed  as  the  desidenitum  ; 
it  was,  therefore,  determined  to  establish  an  independent  sujiply  for 
the  ExiK>sition,  which  might,  upon  an  emergency,  be  supplenu*nted  or 
corrected  by  an  appeal  to  tlu*  city  reservoirs.  This  service  has  been 
arranged  on  the  sjime  basis,  aiul  after  the  same  principles  as  the 
mechanical  power;  and  divided, according  to  the  required i)ressure, into 
two  services  of  five  thousand  cubic  nu»tres  ea<*h,  with  distinct  channels ; 
but  which  can  be  i)laced  in  communication  with  each  otlier  in  case  of 
necessity.  The  high  s(.»rvice  in<'ludes  a  reservoir  of  four  thoussind 
metres  capacity,  established  at  the  summit  of  the  Trocadero,  on  the 
^ide  of  the  Avenue  Malakoif,  at  the  height  of  thirty-two  metrics  above 
thelevel  of  the  soil  of  the  Exposition  building ;  and  a  hydraulic  establisli- 
ment  by  the  side  of  the  river,  immediately  below  the  bridge  of  Jena. 
The  low  service  is  fed  by  the  pumps  of  the  great  marine  engine  of  Indret, 
of  one  thousand  horse  power,  set  in  motion  by  its  own  boilers  in  the  shed 
by  the  side  of  the  river,  above  the  stime  bridge ;  these  pum])s  are  capable 
of  lifting  twelve  hundred  cubic  metres  per  hour,  and  they  will  be  sup- 
plenHMited,  in  case  of  necessity,  by  those  belonging  to  the  Company  of 
the  F(u*ges  and  C(mstru(*tion  Works  in  the  same  shed.  In  case  these 
two  powerful  engines  should  stoj)  at  the  same  time,  the  service  will 
be  assured  by  another  combination  confined  to  five  exhibitors — one  of 
whom  will  take  the  water  directly  from  the  Seine,  for  the  piece  of  water  in 
the  ])ark;  while  the  others  willi>umi)  therecpiired  quantity  through  the 
c(»nduits  from  this  basin,  in  which  the  water  will  be  maintained  at  a 
constant  levt»l.  The  ]m»ssure  on  tin*  apparatus  of  the  four  last  inentioned 
constructoi*s  is  regidated  by  a  sheet-iron  resi^rvoir,  the  upp(»r  level  ot 
which  is  above  that  of  the  soil  of  the  ExiN>sition  building.  The  high 
service  supplies  tin*  irrigarion  of  the  ]mrk,  the  fountains,  the  hydnmts, 

•  Extract  fnmi  the  KtattMiiciit  by  tho  roi  limit  tin*  of  the  IttiiNTiuI  CoiiiiiiiKHinii. — Traim- 
lation. 


■  Ac^;  and  Ute  low  xervicc,  llie  ['onilenacrR,  tbe  boiterK,  tb(>  'nHcndei^^^H 
EUiv  rauialn.  ^^H 
m  lUv  lintii-riiti  Ciiminis.^iua  cuuslhI  t<)  bu  tH)uatru(-tc<]  W-niAUtli  tliv  tmjl  &t- 
ltbf>  btiililiiig  a  »ystt_'tii  ul' circular ainl nidtal  gallories di-Htiuol  toroiiUtict 
Klu*  nir  from  niihuiit  iuto  tbe  iiitc-rior  of  the  KxixiHitiuii  titiildiiig,  ami  thvte 
■leplHW  that  wbirli  ha>i  bwu  vitiatM  anil  bi-iited  by  the  mass  of  vbitnm. 
Kb  order  t(i  iiisurt;  inorn  coiniiletely  the  ftffentivwuess  of  the  wj-vice,  mt 
Bieue^sary  for  the  i^ouifort  iif  thi'  public,  Ui«  uomiiiission  decided  that  tb« 
^utuml  vi'Utilutioii  .should  bi>  aided  by  artificial  meana;  Uiat  in  to  say, 
Ibgr  blowiug  uiai-hines  based  on  the  sydtera  of  Messrs,  I'iaroii  df  Motidesir, 
B<Bgli»p-pr of  itMtdH  and  lind{{t^,  and  Tt>huitiv  audJuIionae,  eiviliMigiiiven, 
nChut  nr riut];*^''ueut  in  dividt^^d  into  funi'  groups  plu^-cd  around  Lbv  build- 
Vbg,  Htid  ini-lniU'K  aforceof  about  one  hundred  hurse-powi-r ;  tliv  wliole  U 
Mbtmstt^d  to  L-xhibitorH  on  tbe  principles  above  mentioned.  ThL^fHt  four 
Heeoters  will  feed  sixteen  jet«,  eorreaiiouding  with  Lh«!  sixteen  radial  pas- 
WMgCf)  of  the  Inuldiug :  and  will  cause  to  circulate  therein,  by  Dieiins  of 
BvHitilntJng  ^nitiugs  in  tbe  diH>r,  a  volume  of  seven  hundred  thoiuauU 
^nettvB  of  air  per  hour;  no  thiit  tbtt  entire  utmoaphert*  of  the  Ex|>o 
Bbulldiiig  will  be  ciniuged  (.-very  two  huiu-t*. 

I  POET  OF  TARSAtiONA. 

I  Id  tJif^  rullection  of  modelH  ushibit^Ml  by  Spain,  iUrendy  nntined,  I 
Hvcn  two  of  tbe  gn-at  work  of  tlie  port  of  Tarragona.  One  i 
fcjan  in  r«?lief  of  the  port  and  the  \ii;iiitty,  Khowinn!  the  [Kmition  a 
Hgwfv  And  ^^^  quurne.s ;  the  second  ia  upon  a  larger  acale  and  is  a  truos- 
BreiBB  section  of  the  jeltiea,  showing  the  position  of  the  BunkcD  rocks 
fcir^  of  iill  the  work  in  unisonry. 

B  Xbis  great  work  ivacbes  biu-.k  in  timetotlie  year  ITOtt.  and  haslieeii  i& 
np**^  1""*  executed  l)y  convicts.  The  length  of  the  princJpaJ  jetty  l8 
Hl^OO  metres,  and  the  <iuantit>'  of  submerged  bIo4-ks  of  stone  is  estimated 

■  Rt  IfttrOiOUil  I'ubir  uictrtNi.  They  have  suceco«leil  in  pliteing  blnekit  of 
liriDUe  weigh ing  :it(),<HHt  k ilognmimes,  representing  »  volume  of  88  enbit! 
Knuitns.  Tbe^e  e.norn)ou»  blocks  are  quarrii^l  by  tne^iux  of  {lowder,  tbe 
■bbutiug  hok'K  being  li'".!!)  in  diiiujcter,  and  o'".tiO  deep,  and  12  kilo- 
HgDuntnes  of  {Minder  for  a  charge.  The  interspaces  of  this  mass  of  lar^ 
BpM*^'*  a»>  filled  with  small  fragments,  and  al>ove  all  a  layer  of  i!oaa||||^ 
^b.Ud,  ftnd  this  forms  tbe  foiindatitni  for  tbe  pier.  ^^^M 

B"  EA8ISO  AND  STRIKING  rENTERINO  OF  ARCHES.  ^^H 

B  A  metluxl,  tbe  invention  of  Mr.  neandenionlin,  of  easing  the  ceiit^rln)^ 
Bnf  Brtlies,  by  nieaiis  of  njind,  was  .ihowii  by  »  t^dl-xiTi'^t  model  in  the 
Bbvk.  Sheet  iron  cylinders,  about  a  foot  in  diameter  and  a  fool  high, 
Hn  fillHl  witli  fine  dr>-  sand  and  placed  under  the  iirtnei[MlH  of  the  eeu- 
HBiDg.  These  principiiht  rest  u|Hin  the  saud  by  means  of  pmim  whicfa  i 
^^rafadbpo-liku  iu  the  cyliuderH.  Holes  near  the  bottom  ut  the  eyllndi^H 
^^^^Hr  the  Hund  tit  How  out  when  cork  Hlopiiem  are  irmovcd.    ^^^^B 
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sand  rails  out  the  pistons  descF^ud,  and  tbe  rapidity  and  extent  of  the 
movement  can  bt"  very  easily  controlled  by  regulating  the  flow  of  the 
sand. 

riVOT  UlilUOE,  BY  CHAPIK  ,t  WELLS, 

Mesara.  Chaiiiu  &  Wells,  bridge  builders,  of  Chicago,  Elinois,  exhib- 
ited a  model  of  a  pivot  or  uwiug  bridge,  whivh  attracted  considerable 
attention,  and  was  honored  by  a  silver  medal. 

Tile  model  was  of  the  style  of  bridge  known  as  "  Howe's  Patent  Tmse," 
witli  aichi'd  upper  chonis,  and  it  represented  a  railroad  pivot  bridge 
of  two  hundred  teet  in  length,  the  scale  being  half  an  inch  to  one  foot. 
The  bridge  rests  upon  a  turn-table  twenty-four  tieet  square,  made  of 
white  oak,  thoroughly  trussed  with  wrought-iron  bolts  two  inches  in 
diameter,  and  so  adjusted  that  the  entire  weight  of  the  bridge  can  be 
made  to  rest  upon  the  center  pivot,  which  is  made  of  east  steel.  It  is 
designed,  however,  that  only  two-thirds  of  the  weight  should  re«t  upon 
the  center  pivot,  and  the  remaining  one-thii-d  to  rest  upon  twenty-four 
east-iron  bearing  whei'ls,  sixteen  inches  in  <Hanieter,  kept  eqai-distant 
from  the  center,  and  from  each  other,  by  wioughtiron  radial  aims,  two 
inches  in  diameter.  The  wheels  rest  and  ti-avel  upon  a  track  of  railroad 
iron,  planed  upon  the  top,  and  bent  to  the  projier  cirele,  tweuty-two  feet 
in  diameter.  The  trusses  of  the  bridge  are  twenty-eight  teet  high  at 
the  center,  and  ten  feet  high  at  the  ends,  and  fourteen  feet  apart. 
The  truss  is  divided  into  tnenty-two  panels,  ranging  from  Sve  to elevea', 
feet  in  length.  In  each  panel  there  are  two  main  and  one  counter  diag- 
onal bRKVS  of  the  proper  sizes,  resting  between  two  cast-iron  brace- 
beariug  blocks,  which  blocks  are  fastened  one  to  the  upper  side  of  the 
lower  chord,  and  one  fastened  to  the  under  side  of  the  upper  chord,  aaA 
of  the  proper  angles,  so  that  the  ends  of  the  braees  come  squarely  upoo, 
the  face  of  the  cast-iron  block.  Two  truss  rods  run  perpendicularly^ 
through  the  truss,  dividing  esvch  panel,  with  heavy  wrought-u-on  platesfi 
under  the  lower  chords,  and  on  the  upper  side  of  the  npper  chorda,  to  serve 
as  washers  to  receive  the  iints  of  truss  rods  or  bolts.  The  lower  chords 
are  fourteen  inches  by  twenty-eight  inehes,  and  are  composed  of  fout' 
pieces.  The  upper  chords  at  the  ends  are  twelve  inches  by  twenty-eigbfe 
inches,  and  at  the  center  thirty -six  inches  by  twenty-eight  inches,  being, 
thus  increased  at  the  center  to  give  aufiicieut  material  to  sustain  tbe-. 
weight  of  the  bridge  when  oi>eu.  Both  upper  and  lower  chorda  are 
thoroughly  frameil  t^jgether  with  iron  clamps,  keys,  and  bolts. 

The  bridge  is  turned  upon  its  pivot  by  means  of  a  casMron  rack,  or, 
gear-circle,  securely  fastenefl  to  the  center  pier,  into  which  runs  a  pinion, 
fostened  to  a  three-inch  wrought-iron  shaft,  secured  to  the  turn-table, 
and  running  perpendicularly  up  through  the  center  of  the  roadway  of 
the  bridge,  upon  the  upper  end  of  which  is  titted  a  wrench,  by  means 
of  which  one  or  two  men  can  oi)en  and  close  the  bridge  with  ease. 
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Theifreat  swiiiR  bridpnot'  Uivat  was  n'prL>»enti>t)  by  ii  model  I 
alf  of  (lue-flftietii  foi-  tln>  »holt>,  and  of  one  tenth  for  one  of  the  | 
lie  dltttiftntw  betweoD  the  walln  of  the  Penfleld  inlet,  which  the  btf 

U>  dpOD,  is  671  feet.  Two  wixuKht-irou  lattice  franiejt  revolve  optin 
ru-tables  npoii  the  t^ii  of  two  circular  tuwent,  thirty-four  feet  uine 
liehe^  ill  diameter,  and  347  feet  apart. 

Tbeae  frames  itre  e-och  formed  of  two  ^i-ders  Iweiity-Hve  feet  four  ti 
jei»  over  the  jtiers,  and  four  fe«l  neven  iiiehes  at  the  center. 
roDgly  l>r.H«Hl  (oj^ether  and  snpjiort  the  rotwlway.    The  shore  e 
ujoe  Hnuoea  are  loaded  with  counterweigh t«.    Tlie  wi^i^rht  npnu  each 
ier  LH  590  tons.     Eaeh  part  of  this  liriilge  can  be  o|>ened  by  two  men  iu 
Itcoi  minnteti.    Tlie  eoHt  wim  2,118,8;^  tY^ncK 
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MINING. 

In  mine  engineering  the  noveltiei«,  aside  from  the  many  iiitere 
ajMi,  HeotionH,  and  models  of  mining  gronnd,  were  miilined  ehiefly  to 
l«  Very  rcmarkalilt'  exhibitH  of  the  tonU  and  methods  of  Imring  large 
tatt*  in  waU'ry  »trnta.  M(»«Hrt4.  Kind  and  Chandnin,  Mi»sr«  Dm,  and 
Ml  Dt^gtiiiM-e  itnd  I^nreiit  iuenrred  Mie  expeuM;  of  installation  of  tlie 
HimiimH  liMils  {Irepanii)  for  this  work,  and  sections  of  the  iron  tiibbiug 
nploj'ed  by  tliein.  Hy  theM' tools,  weigldug  many  toni«,i«haftJs  from  ten  to 
|t«en  feet  in  diameter  are  Huwwssfully  and  cheaply  pierced  to  tlie  depth 
'  more  than  five  hnndred  feet  without  jmmping  out  the  water.  The 
real  ux|ie<lition  and  t^tonomy  of  this  method,  in  all  plaees  wheiv  tlie 
Itore  of  the  strata  will  jiermit  the  i^hiIh  to  lie  Used,  ai-e  sufficiently  e\n- 
tat-  It  iielatmeil  Hint  shitftsean  be  sunk  inthiH  way  for  leas  than  nno- 
isrter  of  the  ex^ieiise  required  to  execute  the  work  in  the  nunal  uianner. 

Aa  Uie  methods  and  the  tools  have  iM-eii  described  in  det^til  in  the 

ifiort  upon  mining,  in  this  series,  this  short  reference  will  suffice  to 

^«et  attention  to  an  exhibithm  which  wus  full  of  interest  and  instriM* 

to  American  mining  engineers. 
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OEOLOUICAL  lUl'S. 
The  ffeological  suneys  of  the  principal  countries  were  represeutf 
u  Exposition  by  the  resulls  in  the  form  of  maps,  sections,  and  printed 
itlunwt*.     Russia^  Auslnilia,  Kgypt,  ('hili,  and  other  remote  countries 
■tsn  liicUided  in  the  reprenentation,  but  the  surveys  in  the  Unit^  9 
vn  scarcely  rcpresmled,  the  St*ite  of  Illinois  being  the  only  one  « 
sot  tt  geological  re|K>t1. 

TbtM  departnienl  of  the  KxjioKition  is  the  subject  of  two  vory  iiitd 
ig  invtnoirs :  one  by  M.  lidmond  Fiiehs,  minini;  engineer,  and  the  o 
y  M.  Uaubn-e,  inspector  general  of  mines,  &v.    Both  memoirs  were  [i 
n  Paris,  in  the  reiKUlsof  the  inteniational  jury,  Volume  11. 
\VII,MAM  r. 
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PREFACE. 


The  foUowing  remarks  on  Wtoncoignet  are  drawn  from  numerous 
partial  rex>ort8  which  have  appeared  fit)m  time  to  time  during  the  last 
fifteen  years,  and  from  personal  observations  on  the  methods  in  actoal 
use,  which  are  somewhat  in  advance  of  the  publications  on  the  subject* 

LEONAED  F.  BECKWITH,  C.  E. 
Pabis,  December^  1867. 
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BETON-COIGNET. 


NATURE  AND  VARIETIES  OF  BfiTON. 
DEFINITIONS. 

Oouimoii  Wton  is  a  conglomeration  of  sand.  i>pbbles,  broken  stones, 
4»inmoii  liiue,  and  water. 

Oomnum  b^ton  for  marine  uses  is  a  conK'onierate  of  similar  t<tone>8, 
hydraulic  lime  and  water. 

Bi^tou-eoigiiet,  Ut  wliitili  this  memoir  chiefly  relates,  is  an  artilicial 
stone  formal  of  sand,  lime  and  water,  and  is  used  iu  blocks  or  in  contln- 
Duns  matjse.s  tor  fuiiudations,  walls  almve  antl  Itelow  ground,  sewers, 
watei'-pii>es,  tloors,  pillaiic,  ai-cheti,  embaukment-i,  aqueducts,  reservoirs, 
risteruBj  and  the  entire  walls  of  buildings. 

The  element's  are  the  same  as  those  of  cX)mmon  mortar  for  masonry, 
but  the  relative  proportions  of  each,  the  method  of  making,  and  the 
result's  are,  different. 

THEORY  OF  CONCRETION. 

Uommon  mortar  being  composed  of  sand,  lime,  and  water,  the  theory 
(if  its  concretion  may  be  briefly  stated  as  follows: 

1.  The  chemical  chiinges  which  occur  from  the  conta<>t  of  quicklime 
{oxide  of  calcium)  and  water  produce  hydrate  of  lime,  and  the  Bubae- 
queut  absorption  of  C'arbonic  acid  from  the  air,  displacing  the  water, 
produces  carbonate  of  lime, 

2.  Tlie  stri'Dgth  and  hardness  of  mortar  result  from  the  cohesion  of 
saud  and  carbonate  of  lime,  and  from  the  er>'stallizatiou  of  the  earbunivte 
which  grasps  and  binds  the  grains  of  sand. 

If.  Homogeneity  depends  upon  the  equaJ  and  iiuifonn  diSiision  oi"  the 
lime  among  the  sand. 

4.  Anexcessof  lime  iu  proiwrtion  to  sand  produces  great  sluinkage  and 
imtwrfect  crystal lizatiou,  and  leaves  the  mass  brittle  and  weuk. 

5.  An  excess  of  water  in  proiwrtion  to  lime  cannot  combine  with  it, 
but  lodges  between  the  particles  of  sand  and  lime,  and  by  slow  evapora- 
tion leaves  the  mass  poi'ous  and  friable. 

y.  The  practical  difficulties  are,  first,  to  And  the  proportions  in  which 
the  elements  will  best  combine ;  and,  uecoud,  to  produce  the  conditions 
most  favorable  to  their  combination. 

ObsereatiuH :  (Jummon  sandstone  is  usually  composed  of  large  quanti- 
ties  of  siliciouM  sund  Jiml  small  quantities  »i  some  cfmenling  substance, 
^Bside  of  iron,  clay,  carbonate  of  lime,  &c.,  &<.'. ;  therefore, 
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7.  The  right  elements  being  properly  mixed  and  in  due  proi)orti(>:wj8. 
each  grain  of  sand  enveloped  in  a  coating  of  moistened  lime,  and  all  -fcle 
grains  brought  into  contact,  the  conditions  in  short  being  right,  cry8't:4j/. 
lization  should  be  simultaneous  and  uniform  throughout  the  mass. 

This  line  of  thought,  pursued  through  a  long  series  of  experimeuf^ 
has  produced  the  b^ton-coignet,  a  kind  of  calcareous  sandstone,  of  great 
durability,  admirably  adapted  to  numerous  and  common  wants  aiid  of 
small  comparative  cost,  its  elements  being  found  in  abundance  in  aiJ 
countries. 

COMPOSITION. 

A  large  quantity  of  sand,  a  smaller  quantity  of  lime  and  a  little  water; 
only  water  enough  for  quick  a^imilation  with  the  lime  to  prepare  it 
for  crystallization,  and  lime  enough,  when  uniformly  diffused,  to  fonn  a 
thin  coating  to  the  grains  of  sand. 

These  ingredients  when  properly  manipulated  are  barely  moist,  but  the 
preparation  is  complete  and  ready  for  use. 

The  mixture  is  handled  with  shovels  and  transx>orted  in  carts  and 
wheelbarrows,  the  same  as  dry  sand.    It  may  be  spread  on  the  ground 
for  foundations  or  floors,  placed  in  moulds  for  blocks  of  different  model^=* 
and  sizes,  and  shovelled  into  cribs  of  planks  to  give  shape  to  walls,  o: 
dumped  into  trenches  provided  with  wooden  forms  for  the  sides  an 
arches  of  sewers. 

The  b^ton  when  placed  should  be  slightly  compacted  by  the  use  o-  ' 
light  hand-pestles,  to  perfect  the  contact  of  particles  and  hasten  the  pro^ 
cesses  of  solidification.  In  a  short  time  the  sx>ontaneous  action  whicl:^ 
follows  wiU  be  complete,  and  the  forms  may  be  removed. 

VARIETIES. 

Batons  cemented  with  different  sorts  of  lime  attain  the  same  fins/ 
solidity  and  strength,  but  require  various  periods  of  time  for  consolida- 
tion. 

Common  lime  sets  slower  than  hydraulic  lime,  and  the  latter  sets 
slower  than  cement;  in  other  words,  crystallization  is  quicker  in  each  of 
the  varieties  named,  reversing  the  order. 

Hydraulic  lime,  in  addition  to  quicklime,  contains  alumina  oxide  of 
iron,  silica,  magnesia,  &c.,  &c.,.  and  cement  consists  of  similar  elements 
with  the  alumina,  silica,  &c.,  augmented;  the  latter  hardens  quicker 
than  the  preceding  and  gives  a  finer  and  smoother  surface. 

Consequently,  when  time  is  of  importance  and  structures  are  required 
for  immediate  use,  hydraulic  lime  is  substituted  for  common  lime;-  and 
to  quicken  the  result,  a  i)ortion  of  cefaient  is  usually  added. 

Lime  for  common  mortar  should  be  slacked  at  least  24  hours  before  it 
is  mixed.  For  b^ton-coignet  the  lime  should  be  slacked  but  two  or 
three  hours  before  it  is  mixed;  barely  enough  water  should  be  applied  to 
reduce  it  to  powder,  and  the  supplementary  water  applied  in  ip^^-^at 
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lould  be  only  snfBcient  to  render  the  lime  damp  and  adhesive,  leavufr. ' 
fltiU  in  tlie  lime  a  capacity  for  the  absorption  of  wat«r.    The  uatnrnl 
affinity  of  the  lime  for  moisture  being  thus  incompletely  satisfied,  renderH 
the  taking  or  crystallization  more  vigoi-ous  and  niiiid,  and  promi»t«s  the 
snbseqnent  carbonation  by  the  readier  absorption  of  carbonic  acid. 

Coarse  aand  makes  a  harder  b^ton  than  tine  Baud,  and  the  taking  iR 
stronger.  Clean  river  sand,  one-twentieth  to  three-twentieths  of  an  inch 
in  diameter,  is  best;  all  kinds,  however,  are  used,  and  if  it  contains  earthy 
particles,  more  linie  is  recjuired;  fine  sand  requires  great<«r  care  and  more 
packiug  for  consolidation. 

Bfitou-coignet  may  be  described  generally  an  composed  of:  Sand,  i  to 
5  parts  in  volume;  {ime,  common  or  hydraulic,  1  part  in  volume;  oement, 
i  to  jt  of  A  part  in  volume ;  leater,  variable.  But  the  exact  proportiouB 
vary  in  conformity  with  the  variations  in  the  properties  inherent  in  the 
elements,  which  will  be  subsequently  uoticcd. 

FABRICATION  AND  PKOPEETIES  OF  BETON. 


The  machinery  most  in  use  for  mixing  consists  of  a  vertical  cylindei', 
an  oblique  elevat4>r,  and  a  locomobile  for  working  tlie  machine. 

Mixing  cylinder. — ^The  drawing  (Plate  I,  Fig.  1)  represents  the  cylinder 
and  elevator  in  place,  tlrawn  to  scale,  a,  eectton  of  the  vertical  cylindei' 
ahowiug  the  interior.  It  is  constructed  of  boiler-plate,  and  rests  on  a 
cylinder  or  base  of  cast  iron  6,  with  projecting  arms  for  supports  and  for 
sustaining  the  bottom  plate  P,  which  is  suspended,  o,  a  vertical  shaft 
passing  through  the  centre  of  the  cylinder,  to  which  shaft  curved  arms  rf, 
are  attached,  which  revolve  horizontally,  for  mixing  the  sand  and  lime. 
Q,  a  distributor,  which  revolves  horizontally,  recpiving  the  lime  and  sand 
aa  they  e-ut«r  the  cylinder  from  the  conducting  trough  I,  and  distrilnitinfr 
them  equally  around  for  mixing. 

Fig.  2,  d  c  Q  represents  an  inverted  curved  ann,  distribnting  aim, 
and  croBs-section  of  vertical  shaft,     dd,  cross-section  of  the  curved  arm. 

£  E,  short  stationary  horizontal  arms,  which  are  attached  to  the  sides 
of  the  cylinder,  forming  with  the  movable  arms  breaks  for  dashing  and 
mixing  the  sand  and  lime,  e  e,  three  wari>ed  or  belicoidal  blades  attached 
to  the  lower  part  of  the  shaft  for  forcing  the  mixture  downwards  and 
outwards.  //,  cycloidal  arms  revolving  hoiizontally  near  the  flour  of  the 
cylinder,  to  expel  the  mixture  at  the  side  opening  aroimd  the  buttom. 

Fig.  3.  Horizontal  section  of  the  cylinder,  presenting  a  \ertical  view 
of  the  helicoidal  blades  eee,  and  of  the  cycloidal  arms  ///,  lielow  them. 
g,  a  hoiizontal  opening  at  the  base  of  the  cylinder  for  the  expulsion  of 
the  mixture.  GG,  a  movable  ring  or  band  of  iron,  passing  around  the 
cylinder,  for  enlarging  or  iliminisbuig  the  opening  for  the  eximlsion  ol' 
the  b^ton  by  moving  the  bantl  up  or  down,    h  ft,  vertical  guiding  shaR« 
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and  pegs  for  the  movable  band.  HH,  the  handles  for  lifkmg  it  up  and 
letting  it  down.  P,  immovable  bottom  plate.  N,  a  plate  which  is  attached 
to  the  vertical  shaft  c,  and  revolves  horizontally.  L,  a  carved  plate  of 
iron  fixed  to  the  plate  P,  remaining  stationary,  and  scraping  off  the  mix- 
ture from  N  as  it  revolves.  S,  the  support  of  the  vertical  shaft  e;  it  is 
of  cast-iron,  and  bolted  to  a  ring  on  the  upper  edge  of  the  cylinder  a. 

Fig.  4.  Cross-section  of  the  support  S  of  the  vertical  shaft  c. 

Driving  gear, — ^The  driving  gear  consists  of:  J,  a  bevel  wheel  fixed  to 
the  vertical  shaft  c;  receives  its  motion  from  ^,  a  bevel  wheel  on  the  hori- 
zontal shaft  w.  i,  fly-wheel,  i,  fast  pulley  on  the  shaft  w,  run  by  the 
crossed  belt  nn^  which  connects  it  with  the  fast  pulley  o,  of  equal  diame- 
ter, on  the  shaft  q,  pj  a  spur  wheel  fixed  to  shaft  qj  and  engaging  with  U 
a  pinion  on  the  shaft  r,  to  which  is  fixed  a  driving  pulley  run  directly  by 
a  belt  from  a  locomobile  (portable  steam-engine)  stationed  near  by. 

Elevator. — The  elevator  is  supported  on  a  double  frame  M,  and  consists 
of  small  sheet-iron  buckets  v,  attached  to  an  endless  chain  u.    Each  frame 
is  composed  of  two  pieces  MM,  united  by  a  joint  x,  and  strengthened  bC- 
intervals  with  iron  plates  in  which  are  set  rollers  tc.    The  upi)er  ends  o 
the  frames  are  bolted  to  the  support  R  of  the  shaft  r,  and  the  lower  euds^ 
to  the  support  T.    The  endless  chain  revolves  round  two  drums  s  ».    The^^^ 
drum  8  at  the  upper  end  transmits  the  power  from  the  shaft  r  to  the  ehain^ 
li.    The  druni  z  supi)orts  the  chain  at  the  lower  end^  and  keejis  it  iu 
position. 

Tlie  mixing  apparatus  produces  daily  about  100  cubic  yards  of  b^ton, 
and  is  nm  by  a  locomobile,  or  portable  steam-engine,  of  about  eight  horse  - 
power. 

Locomobile, — ^The  annexed  drawing  (Plate  I,  Fig.  5)  presents  a  side 
view  of  the  locomobile,  which  is  non-condensing  and  double-acting.  It 
is  provided  with  a  cylinder  for  warming  the  water  by  the  escaped  steam, 
and  the  whole  is  placed  on  springs.  The  niunber  of  revolutions  per 
minute  is  about  100;  length  of  stroke  16  inches;  diameter  of  steam  cylin- 
der 8  inches.  The  pressure  of  steam  is  5  atmospheres,  corresponding  to 
73  pounds  on  the  square  inch. 

Description  of  engine. — ^A,  fire-box.  B,  tubular  boiler.  C,  water-gauge. 
D,  steam-reservoir.  E,  safety-valve,  F,  pipe  supplying  steam  to  cylin- 
der. G,  centrifugal  governor.  H,  steam-cylinder.  I,  eduction  pijje:  J, 
Hteam-pipe  for  cle>aning.  K,  warming  cylinder.  L,  smoke-box.  M,  mov- 
able sections  of  chimney.  N,  connecting-rod.  O,  fiy- wheel  and  driving- 
pulley  cimibined.    P,  bearing  wheels  of  engine.    Q,  fore-wheels. 

General  view. — Fig.  6  presents  a  general  \iew  of  the  arrangement  oi 
the  apimratus  for  work.  A,  Inirrels  of  lime.  B,  sifting  the  sand.  S, 
mixing  the  lime  and  sand  and  i>a88ing  it  into  the  buckets  of  the  elevator 
B.    T,  shoot.    C,  mixing  cylinder.    L,  locomobile. 

Details  of  fabrication. — Alternate  layers  of  sand  and  lime  thrown  into 
a  heap,  about  a  cubic  yard  in  quantity,  are  mixed  with  shovels  on  the 
ground,  and  then  passed  into  the  buckets  of  the  elevator.    The  latter 


liwhnrgnA  into  the  iiidim-d  Hliuijt  T,  whirh  niTiiliii-tt  to  tlio  mi\tiij;H 
jylindfr.  '^\Tiea  cpniPtit  in  aildt-d,  it  should  Ik-  [irfvioiinly  well  uiixnl  ^ 
rlth  n  Uttl<>  watft  in  a  trough,  Ihroiigh  whioh  wvolvc«  a  wiiiill  shiitl  willi 
uin»,  and  then  aildwl  in  small  (luantitii-a  to  the  niatfrials  in  Iht-  cylindrr- 
The  mixing  apjiamtiii*  ht-iny  in  opfrntion.  ninall  qnaniitiw*  nf  watpr,  a 
gbuH  iir  pint  »t  n-gul»r  intprvivltt  of  tinif,  am  thrown  in  al  tht>  to)*  of  t]i^J 
irylinder  by  »  buy  HtHtioiit'd  for  thut  piiqtosu.  To  iiixiire  ir^ithirily  in  tti4l^| 
ilisMnhntion,  acirciilar  piiHi  round  the  ujiikt  i-nd  of  the  i-ylindpr  a  ilS 
■iictiuipjt  uKwl.  It  18  pierppd  at  n'inilnr  intervals  nnth  a  nerieH  of  snial^l 
.1  ■<.  ihiiMijfh  wliich  the  walpr,  supplied  from  a  rpwiroir  alxtvc,  trirklM^I 
'■  ■  thi*  cyliitdtT.  The  quautity  of  wat«T  t<t  hcaddwl  varies  with  thi>  mato^H 
rials,  nw)  must  \>v  n-tfuliitpd  liy  oW-nution.  Tho  N^tou  i^stdng  fnna  tlM^| 
cylindw  »hoidd  1x-  moist,  and  wtit>n  made  into  a  liail  iiu<l  Hlicbtly  onnl^H 
pre(i«pd  in  thi-  haiidf),  should  retain  itM  fonu  and  hanlin  nipidly.  TlM^| 
mixtori'  in  ttip  lower  part  of  tho  cylinder  b  i»  furcud  tlowuwaiils  hy  tii^H 
ht^it-oiilal  arms  f,  aud  outwards  hy  the  cycloidiil  arms/,  through  th^| 
ii|n-ning  ff,  extending  round  the  oylinder.  The  expulsion  through  ttnH 
ii|M'ning ;;  pushes  it  oif  tin?  bottom  plat*  1%  at  everj-  i>oint  of  its  cirenntS 
fcrtiiin-,  and  t'alliuK  on  tlu*  revolviuK  plalp  N,  it  is  carried  round  til^| 
am-st^  by  the  tixed  Hcraper  L,  which  eollects  and  hliootti  it  nlT  on  to  tM^| 
Poland  or  into  lioxes.  H 

For  ordinary  iiiiisoiiiy,  on<?  mixing  is  sufficient;  tor  liner  uork,as^-i'oudfl 
mixing  iu  the  anuie  apparatus  is  a^lvit^ahle.  S 

Wlieu  a  mptd  taking  is  nece88ary,  aJ4  in  winter  work,  &e^  themixlureV 
iiiay  1h-  artilieiully  heated  up  to  about  212<>  Fahr.  (1UU<^  C)  during  thvM 
ui>eratiou  of  mixing.  For  this  purpose  heatwl  idr  or  sK-am  is  iutrotlncecl  M 
into  the  mixing  eylindcr  through  a  pii>e  Ixm'd  with  small  o|)euing)(,  vOM 
fine  the  cylinder  itj^clf  uiay  be  heated  by  a  spiral  tuU'  iu  which  stetim  O^M 
liot  water  cin-uhttes.  Heating  quickens  the  drying  aud  hastens  th^H 
iMpug  and  hanlcning  of  the  materials;  it  also  darkens  the  color,  B 

^H  H 

^^Bie  Ih-Ioii  taken  directly  fnini  the  mixing  cylinder  is  shovc-lled  int^H 
^Bdds  or  fonos  in  sncri-SHiv  c  layiTs  :i)id  eomprewsetl  mmlcrately  by  bun4^| 
^Hik<«  weighing  from  I '■  to  'to  poiinds.  (Plate  II,  Fig.  7.)  lieiierully  I^^l 
^Bh;y>itTlsof  kKiKcniatci'iiil  from  the  mixing  uppanituK  will  thnscom|uw^| 
^H|  a  cubic  yard  of  wall.  ^M 

^M  HUll-UI.NU.  H 

^B3wn>  »tf  two  iiic1ho<ls  of  moulding:  1st.  Moulttinp  in  plare, — \Vall^| 
^Htmilttiiigit  arc  coustnieti-d  iu  sections  of  atKUit  3  feet  iu  height,  and  l|H 
^HS  fiwt  iu  length.  For  this  ptu^Nwe  a  crib  or  framework  and  boardqH 
^Biini;  two  sides  of  a  Ixn,  is  constnicted  with  an  interior  si>aee  eqiian 
^Hbe  tbtcknetttt  of  the  iiiteude^l  «-all;  the  sides  of  the  <Tib  are  kepi  iw9 
^^b  tqr  HBiall  iron  ro)ls  which  conneot  them,  piuuiiug  through  Ihe  waU(B 
^^ktobe  Bubsetpieutly  withdrawn.     Tlie  Ii>ose  tu'-lon  is  kIiovcIIciI  inli>  ' 
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the  crib  and  compacted  with  the  pestle;  subsequently  the  connecting 
hkIs  are  withdrawn,  the  sides  of  the  crib  or  mould  are  lifted  up,  a  second 
HCH^tion  is  formed  in  like  manner  on  the  top  of  the  first,  and  the  work 
continues  in  this  way  till  the  wall  reaches  the  required  height. 

Plate  II,  Fig.  8,  presents  a  side  view  of  the  crib  or  mould.  Fig.  9,  a  cross- 
section  of  crib  and  wall.  Fig.  10,  horizontal  section  of  prib  and  wall,  with 
splayed  opening  for  window,  door,  &c. 

2d.  Moulding  in  Mocks. — Building  blocks  of  various  sizes,  hardness  and 
fonns,  with  or  without  ornaments,  are  made  of  b^ton  in  moulds,  in  the 
same  manner  as  sections  of  wall  above  described,  and  the  blocks  are  laid 
with  joints  of  mortar  like  other  stone.  Blocks  and  slabs  for  balconies, 
steps,  fountains,  columns,  cornices,  pilasters,  &c.,  are  formed  in  like 
manner. 

PROPERTIES. 

Different  varieties  of  b^ton-coignet  tested  at  the  Conservatoire  dea  ArU 
et  Metiers  give  the  following  results,  indicated  in  the  annexed  table. 


BfrroN-COIGITET. 
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An  examination  of  the  preceding  table  will  show  that  the  strength  or 
bearing  power  of  each  variety  of  Wton  is  sufficient  for  ordinary  uses,  but 
that  the  differences  are  great;  and  a  more  careful  study  will  trace  these 
differences  to  the  propert:ies  of  various  sands,  to  the  proportions  of  sand, 
lime,  cement  and  water,  and  to  the  i)eculiar  ingredients  inherent  in  the 
various  limes,  derived  from  different  localities. 

But  an  elaborate  explanation  of  the  table  would  have  no  particular 
value,  as  similar  substances  derived  from  different  localities  are  never 
exactly  alike,  and  the  best  mixture  in  each  particular  case  must  be  ascer- 
tained by  actual  experiments,  which  are. easily  made,  the  results  being 
simple  and  obvious. 

Most  of  the  batons  in  the  preceding  table  are  stronger  than  is  neces- 
sary for  onlinary  uses,  and  if  used,  the  thickness  of  the  structures  as 
compared  with  common  masonry  may  be  diminished.  For  the  more  com- 
mon purposes  batons  of  more  sand  and  less  lime  are  used. 

The  tensile  and  bearing  strength  of  batons  is  variable,  as  is  that  of 
everj*  kuid  of  stone.  The  following  table  shows  the  range  of  strength 
in  the  particular  kinds,  and  the  relative  strength  of  the  different  kinds 
of  building  materials  named : 


Craahinf  utrengtb  in  poniMU 


Mortar. 


j         280 

to 
Per  square  inch  of  teetion 3,  lOU 


Tensile  strenctb  In  povnds. 
Per  square  inch  of  seetioa  . 


50 
to 
290 


B^ton. 

Brick. 

Limestone. 

2,d34 

550 

4.000 

to 

to 

to 

7,495 
268 

1,700 

5.000 

115 

190 

to 

to 

to 

426 

*• 

964 

Sandstone.    Graalte. 


4.000 

to 
5.000 

180 

to 

900 


8C500 

to 
11.000 


A  cubic  yard  of  beton  weighs  about  3,700  pounds. 

APPLICATION  OF  BfiTON— CONCLUSION. 


WAREHOrSES,  CHrRCHES,  GRANARIES,  CELLARS,  FOITOIATIOXS. 

Structures  and  biuldings  of  solid  masses  of  beton  suffer  less  than 
onlinary  materials  irimi  ime^iual  settling  of  the  groimd,  and  imderground 
rooms  and  cellars  built  of  it  are  luirticidarly  free  from  damp. 

The  mil  way  station  at  Suresnes,  several  houses  at  St.Denis,  the  church 
at  Vesinet,  &c.,  are  examples  of  this  kind,  and  from  the  abseni'e  of  joints 
an'  the  siuiie  as  if  made  of  one  block  of  stone. 

Cheap  dwellings  for  workmen  are  now  in  course  of  construction  in 
several  Un^alities  in  Fnuice, 

A  small  liousH'  of  lH*tou-coignet  was  exhibited  at  the  Champ  de  Mars, 
with  siHH'imeus  of  2ux*hes«  piers,  slalis«  statues,  foimtains^  &c.,  finely 
mouhUnl  and  well  made  by  Mr.  Coignet. 

The  materials  for  common  work  of  the  above  kind  are  five  parts  oi 
nnd,  one  of  lime,  and  the  oitlinary  quantity  of  water. 


BBrON-COIOKBT. 


ABRITES   AMD  VAl'LTK. 


Varionn  expprinionti*  Iuiv»?  l»ee!i  iiiiule  »-itli  good  retuiltft  to  h^st  t,h<! 
Httvu^li  of  Im^.Ioii  lor  im-lios,  »iid  it  is  now  tiiueh  iifieil  fni'  iliat  |>tir))(iHe ; 
ill  thf  stnit'turt's  of  tlie  yortheiii  niilway,  at  Pai-ut,  in  tlie  now  iirini>ii  of 
the  MiMlflonuett^'s,  iimi  in  the  new  barracks  of  Sotrf  I>ain«.  In  tliu  lat- 
ter.  an  arched  vault  was  built,  of  18  feet  sihiii,  IJ  foot  virstMl  sico,  8j 
inches  thick  at  tln>  cniwii,  with  nuifai-e  of  14  wiuare  yarda,  on  which 
^X|>tM'imeiitnl  weights  of  47  tons  were  jtlat^  for  a  fortiiiglit  without 
ilauiage.  h^tmi  wax  at^rwards  used  for  all  the  Rimiliu-  an-la-tl  raultj*  iu 
the  builiUug,  giving  a  aiitIiu'C  of  3,588  si|iiiire  yanl». 

In  exi>nrinu>utal  art^h  on  tlie  quay  di^  BUly.  hsu  a  B.\taa  of  3&^  fi^t, 
«1  Biiie  4  tiLx-t,  thickness  of  crown  14  iiiehcH,  with  giMxi  reHnltH. 
t  Aubervillicrs  the  machineiy  of  a  considerable  saw  inlll  ia  placed 
in  areh  of  33  feet  span,  vejwd  sine  (4  feet. 
le  ventilation  of  the  Exhibition  building,  at  the  Champ  dc  Mara,  Ik 
rt«d  by  undergnaiiid  worka,  ciiiittiHtiiig  of  n  aciicH  of  ciniiilar  and 
ndial  galleries,  uivlieil  with  Wton,  i^ihui  alMint  lit  tW't,  for  the  cin-idation 
uud  supply  troni  1>elow  of  cool  air  through  upetiingH  in  the  floor. 

Till-  oater  g-allcry  in  .'(3  fei-t  in  width,  and  1,443  yanis  in  length  ;  tho 
jrriiiiM-d  arohes  of  betou  are  supi>orted  on  two  rows  of  beton  pillars,  tW4 
in  numl>cr,  carrying  a  roof,  the  upper  suriace  of  which  forms  a  floor  of 
15,873  Hcioare  jants  of  Huiface. 
The  quantity  of  l»et<iii  consumed  iu  these  gallcnes  was  353,IW>  cubic 
I'lutc!  tl,  l<'ig.  11,  is  a  cross  section  of  the  outer  gallery. 
Bie  matcrtiils  of  this  atntcture  were:  Four  parti«  of  sand,  one  of  lime,  and 
fc-balf  jiart  of  Portland  cement. 


t-mbaiikment  on  which  runs  the  avenue  de  1'  Emjiereur,  at  tha 
ideru,  for  a  quarter  of  a  mile  ia  8ui>ported  by  a  wall  of  Iti-Um  about 
t  high ;  tlie  outer  side  is  strengthened  by  pilaxt^TS ;  the  inner  ftidu 
lata  of  a  series  of  arehes  at  right  angles  to  the  wall,  built  one  ui>on 
e  other,  and  extending  into  tlic  emlHinkmcnt,  forming  a  iK'aring  for 
a  of  earth,  and  diminishing  ita  lateral  pressure  against  the  wait. 
t  walls  and  arches  are  a  solid  niiii^  of  Ix^ton.  Plate  I,  Fig.  6, 
le  »t«wple  of  the  church  of  V<5»iiict  is  coiistructcil  of  li^toii,  13(1  Ifcel 
I,  And  shows  no  sign  of  weaknesa. 

PLOOaH,  TEUUACE.S,  ItOOFS. 

mlt  Ihv  area  do<-s  notexcM-d  13  or  It!  feet  in  width,  a  slab  uf  Itetim  10 
f  13  ioches  thick  will  bt>  strong  enough  to  mistiiin  itself:  if  the  area  Iw 
Miter,  double  T-joistw  of  iron  should  cross  the  space  for  ceilings,  floom, 
.,  aiid  t]ie  slabs  4if  l>^ton  may  1m>  matte  thicker  or  thinner,  depending  on 
» ttistnncc  of  the  joistM  one  from  luutlwr,  the  flanges  of  which  fon 
B  lioldJng  of  the  slabs. 
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Joists  being  thus  placed  and  a  tempprary  scaffolding  or  floor  of  boards 
erected  underneath,  the  b^ton  is  dumped  upon  it  and  packed,  the  edges 
hold  upon  the  flanges,  the  b^on  hardens,  the  scaffolding  is  removed  and 
the  ceiling  remains  firm;  if  the  upper  side  should  serve  for  a  floor  also, 
the  b^ton  should  be  laid  thicker  and  carried  over  the  joists  so  as  to  form 
a  smooth  surface  above  them. 

B^ton  for  this  work  should  be  five  parts  of  sand,  one  part  of  lime,  and 
one-fourth  x>art  of  cement. 

FULGGING,  SIDEWALKS. 

B^ton  being  impervious  to  water  and  without  joints,  no  moisture  is 
absorbed  beneath,  if  the  ground  be  properly  drained;  therefore  no 
heaving  or  disturbance  results  from  frosts  in  the  ground.  Flagging  and 
floors  of  b^ton  for  courts,  stables,  cellars,  coach-houses,  schools,  railway 
stations,  warehouses,  &c.,  &c.,  are  much  used. 

Sand  five  parts,  lime  one  part,  cement  one  part. 

FOUNDATIONS  FOB  MAGHDIEBY. 

Foundations  for  machinery  of  b^ton  are  usually  cheaper  and  as  good 
as  masonry  of  stone.  For  engines,  a  cubic  yard  of  b^ton  corresponds  to 
a  horse-power,  and  a  30  horse-power  engine  should  have  30  cubic  yards 
of  foundation. 

Foundations  of  b^ton  for  water-wheels  and  turbines  may  be  seen  at 
St.  Maur,  for  steam  engines  at  the  percussion  cap  faetor^^  at  Paris,  the 
tobacco  factory-  at  Chateauroux,  the  glass  works  at  St.  Gobain,  &c. ;  at 
Oyssel  a  steam-engine  of  400  horse-power,  which  works  admirably,  rests 
on  a  block  of  b^ton  7  yards  in  thickness,  and  at  the  Exi>o8ition  of  1867 
a  great  portion  of  the  machinery  was  placed  on  b^ton  foundations  laid 
in  winter,  and  worked  well. 

Composition:  sand  five  parts,  lime  one  part,  cement  one-fourth  part 

SEWERS,   AQUEDUCTS,  WATER-PIPES. 

Twenty-five  miles  of  main  sewers  in  Paris  have  been  made  of  b^ton, 
and  its  use  for  this  purpose  is  rapidly  increasing. 

A  trench  is  cut  as  usual,  a  floor  of  b^ton  is  laid  on  the  bottom,  a  frame- 
work of  timber  and  boards  introduced  as  for  masonry-  to  give  form  to 
the  sides  and  arch ;  the  b^ton  is  dum))ed  and  packed  by  the  commonest 
labor,  the  wood- work  removed,  and  the  sewer  is  finished. 

The  regidations  for  sewers  requiring  walls  of  10  inches  of  stone 
masonry-  admit  of  walls  of  8  inches  in  b^ton;  their  construction  of  b^ton 
requires  less  time;  the  economy  in  masonry  is  reckoned  at  30  per  cent,, 
and  the  saving  on  the  whole  work  at  20  per  cent. 


BftrOK-COIGNET. 
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en,Fig.l2,!sa(;ro88-»ecHonof  a la^"  wwer in  Wloii,(t>7H'No.8,) 
!Ug  tilt'  tiimle  of  fnufltnictinn  nnil  Lli<>  npppniiiiice  whoii  liiiiKliiMl. 
water- ]»ipe. 
R'ttt*T-piiH-s  of  lii^toi]  am  made  at  Ualf  the  fsi>ensc  of  uyhi  ami  tbt>,v  P(>«*t 
lie  for  n^imirs.    TLi-  wliole  of  the  uiKlfrgronncl  dniiiiiiffo  of  40  a*^^!* 
1  liy  the  imliic  of  tin;  Exhibition  was  thron«li  Ii^toii  jiijies  of  \'i 
118  inchM  tube  diseliarfritiK  iiito  Hi-wors  of  bC'toii.    Tlie  ciibir  foiitt-ntj* 
1  jaiifei'rluis  UM-d  in  these  pipeH  amounted  to  :!(>4.'<:^.)  cubic  feet. 
for  the  Bewen*  of  I'arin,  and  for  this  senice,  the  followiiin pruimrtiono 
i'lnaterialH  were  used : 
BTfi  cubic  feet  of  aaiid. 
I  3R  ciibir  feet  of  hydraulic  lime. 

QilMtimds  heavy  I'tiriK  rement,  ec|UU)ilent  to  rortland  cement. 

CISTEHNS,  BESEItVOIKH,  TAKKH,   CESS-POOLS. 

Thew,  when  built  of  masonry  and  coated  with  l^em^■llt,  are  irniiervitnin  lo 
™at<'r,  bnt  need  eoiistiuit  re|mii-a;  of  IW-tfui  tlicy  are  wiually  jmiiemoiw, 
'■'wt  lew  Bud  ai-e  moiv  se^-nrc, 
A  risteiTi .'}!»  feet  in  depth,  r»  feet  in  diitmeter,  with  »ide«  of  HI  inehett 

F       ui  tbicktieM,  uft«T  two  duyM  m^-ivex  water,  and  reniiiinsHound  an  Indcfl- 

^Bite  period. 

^W^^lR  re«8'poolH  of  Wtou  authorized  by  thp  jtrefect  uf  the  Seine  in  1802 

^HbttWlthont  cement,  hold  ^rood,  and  are  wiiter-tighl;  Ktmcture!!  of  this 

^^Blllil  nn*  udojtied  for  the  ffn-M  oiteni-houAe  now  biiJhlint;,  and  for  Iho 

Hll^eat  rnilriHul  Ktutionis  &Cv  &''■ 

K      OaHMiii>t(!r  tnnkn  uf  liirfre  dimenMiotiK,  l.'tt)  feet  ilinmetvr.  40  fe^t  Id 
depth,  UV  bnilt  of  common  b*^t«tl-et)i|;net  at  Uueil  ninl  St  Diiijk. 
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difficulties  of  making  structures  of  this  size  in  masonry  water-tight  are 
said  to  be  much  less  in  b^ton. 

Composition:  five  parts  of  sand,  one  of  lime,  and  one-half  part  of 
cement. 

MARINE  STRUCTURES. 

For  the  foundations  of  breakwaters  and  piers  stones  of  irregular  and 
various  sizes  are  used,  but  small  stones  are  preferred.  Being  cast  into 
the  sea  without  order  and  left  to  find  their  position  as  they  sink,  small 
stones  pack  closer  and  form  beds  more  solid  than  large  ones;  they  are  also 
less  liable  to  disturbance  than  large  stones  from  the  ^^  hydraulic  press 
jftction"  of  waves  arrested  in  their  horizontal  movement  and  thrown 
downwards. 

Banks  or  ridges  with  more  or  less  sloping  sides  are  thus  raised  from 
the  bottom  of  the  sea  nearly  to  the  surface  at  low  tide,  and  upon  these 
walls  of  masonry  are  built  of  sufficient  height  and  thickness  to  resist  the 
force  of  the  sea. 

The  force  of  the  waves  against  a  vertical  wall,  as  measured  in  different 
localities,  shows  the  following  results,  in  weather  ranging  from  ordinary 
to  tempest :  At  Cette,  in  the  Mediterranean,  from  14,000  to  24,000  pounds 
I)er  square  yard;  Bell  Bock,  Scotland,  as  high  as  30,675  pounds  per 
square  yard ;  island  of  Serryvor,  Scotland,  5,000  to  19,000,  and  55,760 
pounds  per  square  yard ;  Cherbourg,  36,000  to  55,000  pounds  per  square 
yard* 

The  horizontal  movement  arrested  by  a  wall  in  deep  water  becomes 
vertical  and  produces  a  descending  wave  of  great  force,  which  tends  to 
excavate  and  sweep  away  the  bank  and  undermine  the  wall. 

Tlie  banks  or  foundations  are  therefore  protected  by  covering  the  slopes 
with  large  blocks  of  stone,  of  sufficient  size  and  weight  to  resist  displace- 
ment by  the  descending  waves,  and  in  very  exx>osed  situations  the  talus 
of  blocks  thus  formed  is  raised  above  the  surface  to  afford  protection  also 
to  the  wall. 

The  difficulties  and  exi)ense  of  obtaining  blocks  of  stone  sufficient  in 
size  and  abundan(*.e  for  this  purpose  have  led  to  the  use  of  artificial  blocks 
of  concrete.  These  blocks  are  also  extensively  used  to  form  the  inte- 
rior of  walls  and  piers,  the  facings  being  of  stone.  In  solidity  and 
strength  they  are  equal  to  the  purpose,  but  they  suffer  more  from  the 
action  of  sea- water  than  the  best  kinds  of  stone,  which  is  attributable 
to  the  ingredients  in  the  cementing  substance. 

Hydraulic  limes. — Hydraulic  limes  are  exceedingly  variable  in  their 
elements,  but  may  be  divided  into  three  general  classes — silicious,  alumi- 
nous, and  cements. 

Silicious  limes. — Limestone  composed  of  carbonate  of  lime  intimately 
mixed  with  fine  silicious  sand,  after  burning  leaves  70  to  80  per  cent,  qf 
quicklime,  and  30  to  20  per  cent,  of  silicate  of  lime,  forming  a  hydraulic 
lime  usually  called  ^'  silicious,"  and  expressed  by  the  formula: 

CaO.  +  SiO^.  3  CaO. 


Slukiiij;  <if  ttiis  prmiiicps  hydrate  of  lime  nii<l  liyili-iMiK-siliniti-  of  lime; 
imla : 

II.  cn<j.  no.  +  sio». ;{ cao. «  no. 

(KintnniM  limisshtnr. — Linicntoite  coiit^iJiiiii);  8  to  18  jxu-  cent,  of  cliiy, 
priticii»U  ul(^iiifnt«  t>t'  wliii'h  aiii  tiydruus-silieuti's  of  altuiiiua,  after 
(J  le^VL-H  70  to  80  IKT  wilt,  of  quicklime,  anil  30  to  20  jipr  cent,  of 
\(hI  Hiliuitt!H  luid  Hliuiima,  fonoiiig  lui  hytliiiulic  limo  ciUlt'd  "alumiu- 
[4,"  wliicb,  all*T  slakiiig',  is  pxi)re8s«.'il  liy  the  foniuihi: 

CrtO.  HO  +  SiO'.  3  (^aO.  0  HO  +  Al»  0=.  3  CaO.  0  HO. 
fiemvnt. — LimoHtune  coQt^iiing  from  18  to  *>  jwr  cent,  of  day,  Mliich 
ro8Wn«rt>iiniiugr|i]idctiiuo,»ili<:at<>of)imc,uhuiiiiia,»ilicut<'ufiUuuiiiia. 
"hydniulic  ccmeut,"  wbioh,  ;ift«r  »lakiii(r,  coiituius  byilratvs  of 
preceding  clemeuts. 

[ydraulic  limes  aud  cBmeiib^  usually  cotituiti,  iii  acUlition  to  tlic  mab- 
abovfi  »niin)er8t4>d,  small  qnaiititieo  of  oxides  of  iron,  ailicatefl 
lina  and  magnesia,  sulphate  of  lime,  &c. 

torUir  properly  ma<le  of  either  of  tlK'se  linies  cr.\-»t<tllize8  eimulta- 
and  seta  qnickly  and  strongly,  thoiif^h  the  pivseiitx^i  of  iiuigiiefiiit 
solpbate  of  lime  is  detriuientJil  to  good  aettiiig,  as  these  bodies 
slower;  oxide  of  iron  does  mit  imi«.ile  tlie  setting. 
Ad'KiN   OP  TKK  SEA. 
action  of  sea-wuter  on  hydrntilie.  mortars  is  pxeetwively  eomplieatefL 
elemeutA  of  linn',  as  ubovc  slioim,  are  variable,  and  the  salts  of  mag- 
ii^  oarliomc  iwnd,  and  sulphmi'ttHl  hydi-ogen  in  i*w»-wateriire  variable. 
dUKiT  in  Iwalities  but  little  reniovtMl  from  eaeh  other. 
do  not  proiK>m.'  to  follow  in  detail  Llie  residts  of  the  obseriatious  and 
ts  wliich  have  been  ma^le  of  \'arioii8  M>a-waters  on  tlifferent 
of  tiydranlic  mortar, 
itiortai-s  are  all  exix)Ne<l  to  the  mechanical  aetion  of  the  sea,  ami 
to  the  chuntiejil  a<^^tion  of  the  milt's  and  g»^«  wbieh  it  boldit  in  solution; 
ley  are  sharply  attacked,  and  tlie  efteet.  is  ronsidemble   Iwfore  the 
'  dratc  of  lime  on  the  outer  surfiH^e  is  eoiiverteil  into  curbuimt«i  of  lime 
.  [Jie  absorirtion  of  r«rlH»nic  aeid  from  the  water  and  air.    The  cmst  of 
irbonnte  of  liine  thns  formed  n^sists  the  chemical  action  of  the  sea,  and 
le  pn)le<!tioii  thu.-t  given  lo  the  interior  is  InerenAcd  in  some  eases  by 
n>  growlii  of  sea-sbcllK  and  of  marine  plants*.    The  waste  is  thus  diniin- 
lied,  but  it  is  never  e.vtingnished;  tlie  destnictiou  goes  on,  and  tlielx-st 
idmnlie  mortars  are  gradually  (wileu  away. 

Hlocksof  eoneiTteeontain  mon?  mortar  than  nmsoury  of  dn'sseil  stone; 
arc  eonsefpicntly  more  exiMweil  to  wa«te  from  tJie  causes  in  queatJon, 
■re  sooner  desti-oywl. 

remedies  have  been  pro)>oi«ed,  and  numerous  trials  of  ttieiD  niiHle, 

bttliertii  without  imisirtant  and  is'minnent  success.    The  method 

y  Mr.  Coigiiet  is  to  get  rid  of  the  liydnuilic  limes  and  their 

nt^n-ilo-iiiH  l>vil"'  sulwtitnrloriof  eutaiiiiiii  lime  as  r he  cements 
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EXPERIMENTS  OF  MR.  COIGNET. 


Time  is  evidently  required  to  test  exjyeriments  of  this  kind,  and  those 
of  Mr.  Coignet  are  too  recent  to  prove  conclusively  success  or  failure. 
His  method  of  experimenting  is  by  continually  diminishing  the  quantity 
of  hydraulic  lime  and  cement,  and  continually  increasing  the  proportion 
of  common  lime  in  the  comi>08ition  of  his  blocks.  The  blocks  are  placed 
in  exposed  positions  in  different  localities  to  the  action  of  the  sea-watca*,  • 
and  followed  by  periodical  examinations  and  records  of  the  progressive 
results  of  the  experiments. 

His  first  exi>eriments  were  begun,  by  order  of  the  government,  in 
^November  and  December,  1858,  and  January,  1859,  on  the  Socoa  break- 
water at  St.  Jean  de  Luz,  in  a  very  exposed  situation.  The  blocks  were 
of  several  kinds,  as  follows: 

First  series  of  blochs. — Blocks  made  several  months  before  being  placed 
in  the  sea: 

1st.  Blocks  comiwsed  of  seven  parts  of  sand  and  one  part  of  common 
or  fat  lime. 

2d.  Blocks  composed  of  seven  parts  of  sand  and  one  part  of  limev 
slightly  hydraulic. 

3d.  Blocks  composed  of  seven  parts  of  sand  and  one  i>art  of  fat  lime^r 
and  one-fourth  to  one-half  part  of  cement. 

4th.  Blocks  composed  of  seven  parts  of  sand,  one  part  of  lime,  slightly^ 
hydraulic,  and  one-fourth  to  one-half  part  of  cement. 

These  blocks  are  all  alike  in  good  condition  at  this  date,  (1867,)  am3 
have  resisted  the  action  of  sea -water  with  satisfactory  results.  They  anS 
compact  and  hard,  and  the  only  effect  noticed  has  been  the  wearing  0^:3 
the  edges  of  the  blocks  and  the  rounding  off  of  the  angles,  ])roduced  b^i^ 
the  friction  of  pebbles  and  the  general  mechanical  action  of  the  sea  - 
No  difference  has  yet  appeared  in  the  durability  of  blocks  made  of  com  - 
mon  lime  and  those  containing  hydraulic  cement. 

Second  series  of  blocks. — ^This  series  is  composed  of  12  small  blocks^ 
made  on  land,  and  allowed  to  harden  for  eight  days  before  being  place^l 
in  the  sea. 

Six  blocks  were  composed  as  follows : 

1st.  Seven  parts  of  sand,  one  part  of  fat  lime. 

2d.  Seven  parts  of  sand,  one  part  of  fat  lime. 

3<1.  Seven  parts  of  sand,  one  part  of  artificial  hydraulic  lime,  made  of 
fat  lime  and  clay. 

4th.  Seven  parts  of  sand,  one  part  of  lime,  slightly  hydraulic. 

5th.  Seven  parts  of  sand,  one  part  of  hydraulic  lime. 

6th.  Seven  parts  of  sand,  one  part  of  very  hydraulic  and  siliceous  lime. 

The  remaining  six  blocks  were  comxK)sed  as  follows :  Each  of  seven 
parts  of  sand,  one  part  of  the  same  varieties  of  lime  as  the  above  blocks, 
^th  the  addition  to  each  of  one-fourth  to  one-half  part  of  cement. 

This  series  of  blocks  has  completely  resisted  until  now  (1867)  the 


irrion  of  tli(>  M'ti.  iktiil  show  no  traoc  of  dcoompoHiHon.  Tlie  Mm-kK  nf 
'  It  )[nie  nnd  ti;ii'<lranli«  limi'  lire  in  equally  ^xwl  (MiiKliliim.  Suiiii.'  tilucks 
■•'  .slightly  worn  by  Hip  mwhaiiiwil  n«rti(iii  of  Hw  sen. 
Tliirit  nrrim  o/bliwlai. — Largw  blocks  nii»ii'  on  liiml  iit  tho  saiiiL-  timeatf 
lie  liIiH-kis  i>f  tlir  wcond  wiries  »mliillnw<^il  todry  forjiiim  iiiouIhKlH>foi-(> 
IxjufT  jiliH-4'il  ill  tli«  m*si, 

nH-jip  bliMrks  were  coui{>oh«1  in  a  siiulljir  nmnncr  arni  of  Himil»r  iiigrc 
lin-iit**  til  Ilioae  of  the  w«;oinl  xeriefl. 

I'lKb'i' tlio  intltioiK'P  of  thi»  long  t-xiKiKiiit'  to  tlit^  tiir,  Ilieno  hluckK  tit 
111  fiid  of  iiiti^  muiit]it<  liiiil  ntt'iiiiifil  gii-at  liiiiiliiosn  itnd  itotidily.  Their 
-ri-iK-tiiiv  wins  cuirijiiu'.t,  mid  cliijis  cuiild  \m.'  Ntnick  off  nnth  u  hainmvr,  aa 
if  thu  l>lw.k:«  hud  Uet'n  inndepffitonv.  Some  ol'tliviniOiowi-d  small  (U'avkii 
t>u  the  iijipiT  Biirfitw,  owing,  it  is  stip])os(.><l,  to  the  utUMjiiul  «iualit y  of  tho 
fiit  lime  iiiwd  in  their  fabrii^ation. 

When  exixwed  to  the  sea  tbey  liavi-  all  [ti-oveii  giioil,  and  art"  alike  in 
pH^d  condition  at  this  dat«",  (181)7,)  tho  fat  and  hydmiiltc  limes  anil  vi*mcij1» 
pving  a  niinilai-  result. 

turth  Mcrien  of  hUx^M. — Blocka  made  in  jdace  at  low  tide,  and  iinine- 
y  covered  by  tin-  rising  tide. 
H  bloeks,  st■^'('ll  in  numlH-r,  weiv  coiniioHei]  an  follows : 
1 1,  2,  3,  of  seven  parts  of  Rami,  one  |>art  of  a  ver>-  liydrauli*;  and 
«  Uine,  and  one-balf  i>art.  of  eenient. 
M)V  i,  of  Kcven  parttt  of  sand,  one  part  of  artitlrinl  bydranlic  lime-, 
i^-hulf  part  of  eement. 
Uock  5,  of  «eveii  ]niits  of  sand,  one  part  of  hydraiilie  liiiu',  :iiid  ont>- 
f  pwtof  rejneiit. 

f)  6  and  T,  of  seven  partii  of  aiuid,  one  part  of  comuiou  lime  and 

mnlADA,  and  om--half  pait  of  eminent. 

)  ruekit  on  wbieh  thesu  blocks  were  cunstnietv<l  urv  Hitnat4-d  at  the 

Tioiiity  uf  the  breakwater ;  at  low  tide  they  are  unenven-d  tor  an  hour 

'1  two,  and  at  high  tide  are  covered  with  water  stivcral  metres  in  depth. 

lite  moulds  were  made  of  thin  jiiiie  IxKinla  and  established  on  Uie  n>ck 

*a  a  btitfim.    Tbeir  fcinn  wiia  a  truneate<l  e.4)ne  of  four  feet  diameter  of 

batm  Hiid  thnH>  feel  in  height. 

AttuwtJde  the  tmailds  were  lilleit  with  bi^tou  and  curefidly  packed. 
Tltcy  wen-  inimtni lately  covered  by  the  rising  ti<Ie  and  in  Ivkn  than  li4 
"■■nm  the  tiet4iu  wa^s  snllieieiitly  liard  and  tirni  to  allow  the  inotddH  to  be 
lew  ajiart  and  the  hlm-ks  eiitiii'ly  exjiost-d  to  the  sea. 
Kxitiuint-d  at  the  end  of  nine  months,  the  four  blocks  lirsl  tnenttoiied 
M  je  ill  [HTfei-t  eondilion  aial  showed  no  sign  of  dee«aniHt»ition.  They 
1  .iv  Very  hapl  and  sonunais  when  Mti-iiek  with  a  haminer.  Tlie  .'illi  block 
'jtm  at  Rntt  jiartially  deeomiioMml,  but  immediately  hanlened.  The  *lth 
Ttb  blueks  weiv  resiH.-etively  rcdiiceil  to  one-half  atid  three  foiirth» 

Hal  sizi-  by  the  destnicHve  action  iif  the  «ca. 
t  tiiiK  datt'  (INiT)  the  four  first  meiitioueil  blocks  luv  in  ]H'i-fwt  v*iu- 
hi,  Iwviiig  eonijiletely  ivaiited  the  ucliou  of  the  sea;  the  Bilh  IiIih  " 
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is  now  as  hard  and  solid  as  the  preceding  ones  and  shows  no  signs  of 
decay ;  the  sixth  and  seventh  blocks  i>erished  in  two  and  a  half  years, 
which  is  attributed  to  the  presence  of  x>ozzuolaua,  which  had  been  added 
to  quicken  the  taking  of  the  fatr  lime  by  rendering  it  hydraulic 

EXPERIMENTS  AT  MARSEILLES  AND  AT  CHERBOURG. 

Another  series  of  experiments  wa«  commenced  at  Marseilles  at  a  later 
l>eriod.  A  large  number  of  blocks  of  b^ton-coignet,  made  with  numerous 
varieties  of  lime  and  cement,  were  exposed  to  the  sea  on  the  outer  break- 
water of  the  Bassin  N^ol6on.  When  la«t  examined  in  IS'ovember,  1867, 
they  were  in  good  condition  and  had  not  suffered  decay ;  fat  and  hydraulic 
limes  ^ving  equally  good  results. 

Lately  a  number  of  blocks  have  been  ordered  by  the  navy  department 
for  further  experiments  at  Cherbourg. 

Evidently  the  experiments  have  not  been  continued  long  enoagfa  to 
*test  fully  the  relative  resisting  qualities  against  the  chemical  action  of 
sea- water  of  blocks  cemented  with  common  fat  lime  and  blocks  cemented 
with  hydraulic  lime,  since  both  show  thus  far  equal  enduring  qualities. 

But  the  results,  on  the  whole,  are  interesting  and  suggest  the  following 
conclusions : 

1.  Common  lime  can  be  substituted  for  hydraulic  lime  in  b^ton- 
coignet,  with  an  equally  durable  residt,  provided  the  blocks  are  allowed 
to  harden  for  a  few  days  on  land  previous  to  immersion. 

2.  Blocks  of  b^ton-coignet  (sand  and  hydraulic  lime)  can  be  made  in 
direct  contact  with  the  sea,  provided  they  be  protected  by  a  crib  during 
the  time  nenecessary  for  the  taking,  say  24  hours.  Blocks  thus  madei 
have  proved  as  durable  as  those  made  on  shore,  while  under  similar  cir- 
cumstances of  immediate  immersion  in  the  sea,  and  24  hours'  protection 
by  a  crib,  blocks  of  ordinary  concrete  (sand,  hydraulic  lime,  and  stones) 
made  with  the  same  hydraulic  lime  would  disapi)ear  in  a  short  time. 

3.  Blocks  of  b^ton-coignet  made  on  land  are  quite  ready  for  immersion 
after  drjing  and  hardening  for  three  or  four  days,  while  blocks  of  hydrau- 
lic concrete  usually  require  from  three  to  six  months  for  drying  and 
hardening. 

To  supply  the  daily  demand  for  these  blocks  of  concrete  in  the  con- 
struction of  a  breakwater  large  yards  are  necessary,  which  are  usually 
at  a  distance  from  the  breakwater.  They  must  have  space  for  1,000  to 
2,000  blocks  in  various  stages  of  fabrication  and  drying ;  they  require, 
also,  a  large  establishment  of  machinery  and  railways ;  a  large  capital 
is  thus  invested  and  the  exi)ense  is  heavy. 

In  making  IxJton-coignet  less  machinery  and  plant,  less  ground  for 
drying,  less  preparation  in  advance  are  required,  the  time  and  capital 
involved  are  less,  and  the  whole  cost  is  consequently  diminislied. 

Mr.  Coignet  now  proposes  the  construction  of  piers  and  breakwaters 
in  the  following  manner : 

1.  Blocks  of  h6Um  to  be  made  on  land,  in  length  equal  to  the  breadth 
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of  the  pier  and  of  corresponding  size,  weighing  say  140  tons,  to  be  lowered 
into  the  sea,  and  placed  side  by  side,  across  the  line  of  the  pier,  for 
foundation. 

2.  The  wall  to  be  constructed  likewise  of  b^ton,  in  place,  forming  thus 
a  single  nia^s,  binding  the  blocks  below  by  the  weight  and  solidity  of 
the  wall. 

For  this  he  would  use  from  five  to  seven  parts  of  sand,  one  of  lime, 
fat  or  slightly  hydraulic,  and  one-fourth  to  one-half  part  of  cement. 

But  it  is  not  probable  that  the  government  engineers  consider  the 
exi)erience  already  gained  sufficient  to  warrant  them  in  recommending 
so  great  an  outlay  at  i)resent  as  this  experiment  involves. 

CONCLUSION. 

The  materials  of  b^ton-coignet  exist  in  abundance  in  all  countries  and 
in  most  localities,,  seldom  requiring  long  and  expensive  transportation. 

Sand  is  easily  excavated,  lime  is  a  simple  preparation,  and  both  are 
materials  of  low  cost ;  most  of  the  labor  in  making  is  performed  by 
machinery,  and  little  of  the  manual  labor  required  need  be  skilled  labor. 

Sand,  lime,  water,  machinery,  motive  force,  few  tools  and  common 
laVwr,  are  the  elements  of  structures  made  of  b6ton,  and  the  b^ton  itself 
is  well  adapted  to  numerous  daily  wants,  in  which  solidity,  durability, 
and  cheapness  are  preferable  to  beauty  of  materials,  the  evidence  of 
which  is  shown  in  the  ground  and  underground  structures  of  the  great 
palace  of  the  Exposition,  and  in  its  increasing  application  to  sewers, 
tiinks,  foiuidations,  floors,  walls,  &c.,  enumerated  in  the  preceding  pages. 

The  cost  of  beton  varies  with  that  of  the  lime  and  cement  employed. 
In  Palis,  works  in  b^ton  cost,  including  fabrication  and  construction, 
from  $5  to  $8  i)er  cubic  yard.  Flagging,  two  inches  thick,  cost6  56  cents 
per  square  yard. 
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SECTION  I. 

SPHALT  AND    BITUMEN,  AS    APPLIED    TO   THE 
CONSTRUCTION  OF  STREETS  AND  SIDEWALKS 
.IN  PARIS. 

INTKODUCTORY  REMAEK9. 

kfipliiOt  id  iimmI  ill  I'aris  ehietly  in  twu  diiferetit  forms:  firxl,  the  natu- 
ral rock.  utiJillu.VL-il,  with  wliifh  streuts  are  mucU<;  oeoond,  a  mixture  of 
iu«phiUt  witli  bitiiuieQ  and  flnv  gravel  for  tlie  constTui'tion  of  ttidewaJk^. 
,  Tbe  I'ock  is  found  prin<tii>ally  at  Seyswl  and  VaIi*-de-Traver8,  wlien-  it 
^^■t  be  proorired  at  $7  Wl'  per  tou.     It  in  tnui8|>ort'ixl  U>  Paiin  by  riiil  ur 
^^Bll,  And  18  sold  ln-n:  for  ^14  or  iiHi  jkt  Uni.    A  few  hundred  tons* of 
^^^^  have  been  trunspurtiHl  to  tlie  Uidted  8t4iteM  Iruni  France  at  difi'erent 

^^be  mixture  attove  spoken  of  is  culled  mastic  of  asphiilt,  and  it*  miuin- 

^^BUivd  in  many  pliu.'i-».in  Frunee.    At  Seyssel  a  mauufaetory  is  eslab- 

^^■ed,  producing  M*  to  M  Uma  of  mnxttc  of  aHphalt  per  day. 

^^Kltc  t«nii  ''asphalt"  or  "aMphallic  rock"  is  applied  only  to  a  ^jHrifi^  ol 

^^BHtaiie  iuipreguiited  uilh  bitumen. 

^^■Bittunen"  Ik  u  dark,  viscous  tsulMtance  of  organic  orif^n,  which  iin- 

^Hpiates  hitiuuiuous  limestone^  tluws  frum  various  rocks,  or  is  fouiul  in 

^^■Uttl  deposits. 

^^blastic  of  axphalt"  ia  a  composition  foraicd  of  bituuunom«  limeHtiint^ 

^^^^uilt)  retliicinl  t4>  iH>wder  and  mixed  with  a  small  (pmntit>'  of  bitumen. 

^^Bib  nuMtic,  with  u  further  nd<Iition  of  bitumen  and  Hue  gntveJ,  i»  umhI 

^HaidewalkH. 

^B      DESCRIPTION  AND  COMPOSITION  OF  ASPHALT. 

^^■iiptialt>,  or  asplialtic  ro<'k,  is  a  liiuoKttme  of  initunU  foniiatiou,  com 
^^bd  of  pure  carbomite  of  lime  itupn-guated  with  bitumen,  and  found  iu 
^^■M9«n«  lociditics  forming  strata  of  various  extent. 
^^Bblor:  dark  chtxtolate,  iieai'ly  bhick. 

^^Etaotnre:  line  grained,  iri-egnlar,  without  cle.iviijic  pliines.  In  some 
^^oatkms  tbe  fi-wture  in  the  diivetion  of  stratitieutiou  in  dark  and 
^^■ty,  Init  in  till-  opposite  diRH^'tlon  it  ix  dhtrr  and  the  f^idor  is  lighter. 
^^Uflluilt  is  atli-cted  by  changes  of  temperature.  At  a  low  tciu|>entrure 
^^B  lutrd  and  Muioroiis,  and  under  the  hammer  breaks  like  comiiion  linie- 
^^Hlt.  At  tile  temperature  of  high  summer  beat  it  yields  to  the  bUiWN 
^^Be  luuuuier,  beeottici  flattened,  and  is  eusil>'  nnlutH-d  by  rei>eate«l 
^^Bl  U>  a  pa«te ;  aiid  at  tJie  temiteralure'  of  140°  ur  100°  it  eommenoe* 

■  sTv  Id  i!uld,  J 

v  cipmanl  Id  degivoa  uf  Knbrvuheit.  ^fl 
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to  disintegrate  and  crumble.    Above  212^  the  disintegration  is  complete. 
The  average  specific  gravity  is  2.235,  (water  being  1.000.) 

VARIETIES  OF  ASPHALT. 

The  structure  of  a^phaltic  rock  varies  in  different  localities;  the  best 
localities  are  fine-grained,  homogeneous,  free  from  interposed  particles 
of  limestone  not  impregnated  with  bitumen.  The  fracture  of  this  quality 
presents  the  same  aspect  whether  broken  parallel  or  perpendicular  to  the 
stratification.  !  The  aspect  of  all  formations  is  not  uniform;  some  rocks 
present  darker  and  lighter  spots  like  the  skin  of  a  tiger.  Others  contain 
numerous  shells,  of  one-twentieth  or  one-tenth  of  an  inch  in  diameter, 
filled  with  crystals  of  carbonate  of  lime  impregnated  with  bitumen ;  the 
crystals  are  often  large,  rhomboidal,  with  cleavage  planes  of  one-twenty- 
fifth  or  one-tenth  of  an  inch.  All  those  varieties  constitute  excellent 
asphalt,  provided  the  whole  mass  be  thoroughly  penetrated  with  bitumen. 

yhe  rock  may  be  uniformly  impregnated,  but  if  it  contains  less  than 
six  per  cent,  of  bitumen  it  is  too  poor  to  be  worked.  The  rock  may  be 
craeked  in  numberless  directions,  and  disintegrated  in  a  manner  to  admit 
of  the  absorption  of  bitumen,  and  the  fracture  may  present  the  fine  dark 
color  of  good  qualities ;  but  if  this  be  cnished  to  powder  or  examined  by  the 
microscope,  it  will  be  discovered  that  the  impregnation  is  only  apparent 
and  owing  merely  to  infiltration  and  absorption,  which  gives  color  and 
coating  only  to  the  granules. 

The  conditions  necessary  to  perfect  impregnation  have  been  the  sub- 
ject of  fniitless  speculations,  the  most  plausible  of  which  is  the  theory 
that  reduces  the  bitiunen  to  the  condition  of  gas,  and  supposes  a  high 
temperature  and  great  pressure,  which  results  in  the  complete  saturation 
of  the  rock  without  disintegrating  it. 

The  rock  may  also  appear  rich  in  bitumen,  but  contain  elements  of 
clay,  which  not  being  impregnated  like  the  carbonate  of  lime,  destroy 
the  homogeneity  of  the  formation.  The  fissures  seen  in  side-walks  are 
often  attributable  to  this  cause,  but  the  presence  of  clay  is  easily  detecte<l. 

Some  beds  of  asphalt  contain  an  oily  element,  which  renders  them  too 
fat  and  prevents  the  solidification  of  the  mastic;  but  rock  of  this  kind 
may  be  freed  of  this  oil  by  distillation,  and  then  becomes  fit  for  use. 

Formations  of  asphaltic  rock  exposed  to  air  lose  their  bitumen  to  a 
certain  depth,  and  then  present  on  the  surfaee  the  ordinary  appearance 
of  white  chalk  formations;  but  experience  has  shown  that  after  40  years 
of  exjiosure  the  evaporation  of  bitumen  does  not  extend  below  the  jljf 
of  an  inch  from  the  surface. 

COMPOSITION  OF  ASPHALT. 

The  chemical  composition  of  asphalt  varies  in  the  proiwrtion  of  lime- 
stone and  bitumen,  being  generally  from  7  to  8  per  cent,  of  bitumen,  and 
93  to  92  per  cent,  of  limestone.  The  qualitative  analysis  gives  nearly 
identical  results  everywhere. 


pVcry  piirc  varieties,  siicti  as  tliost'  «f  tln_'  Yal-de-Travers  iu  Switxer- 
Bid  ami  of  St-yasel  in  Fraiici:-,  contain  abnolntely  imthiug  !int  carbonate 
of  limi-  ami  bitumen. 

L»Mw  imre  varieties,  Buch  tut  (hixw  in  Ait^'ergiie,  (Franco,)  whicli  is  a 
volpanic  rpgioii, contain  otlier  elements,  whieh  are  cotnniun  Ut  llie  neigb- 

(KOg  roclcH,  such  as  elay,  siliea,  mafnieeia,  intn,  &c.  The  usphult  uf 
Rvoi^ie  contains,  in  addition,  traces  of  arsenic. 
A  rigorous  analysis  applicable  in  general,  therefore,  cannot  be  given ; 
oh  bed  may  present  ditferent  results.  As  a  rule,  it  may  be  stated  that 
l^altic  n>ck.i8  quite  fret-  from  foreign  matters. 
Proportwn  nf  Mtumni. — To  nscertain  tlie  proi»ortion  of  bitnnn-n  in 
aupbalt,  bituminous  sands,  asphaltic  mustie  or  otlier  bituminous  bodies, 
the  following  nietliwl  may  \w  nsed : 
Ketluce  a  small  propi>rtioti  of  the  bitnminous  body,  say  20  minces,  t» 
t;  esi>el  t.tie  water  by  exintsing  the  [wwder  to  a  current  nf  air 
d  above  200°,  bnt  below  JWHP,  to  avoid  tlie  eseaiie  of  essential  oils 
B  tlie  bitumen;  stir  the  powder  freely  and  weigh  a  |>ortion  of  it,  say 
potuntes,  upon  wliicli  [>onr  10  ounces  of  prnfi  sul|>liide  of  carlmu. 
e  sidphide  of  earbon  contains  sulpliiiretted  hydnigen,  which  may 
tck  the  limestone  and  siUphor,  which  woidd  also  fiilsify  the  weight.) 
r  th«  mixture  with  a  glass  dmI,  let  it  settle,  then  pour  off  the  sulphide 
Bearbon,  which  will  lie  charged  with  bitumen,  upon  a  liltfr  which  luis 
9  wetghe<l.  Pour  another  e<pml  (lunntity  of  pui-e  sulphide  of  curtxtn 
1  the  jmwdcr,  driiin  it  off  again,  and  filter  as  before.  Itepenl  this 
ni>emtion  until  tin-  limestone  powder  left  in  the  glass  be(H>nie-s  white,  and 
tiw  li([aid  draiiie^l  off  retains  no  longer  a  browiush  tinge.  I'ry  Ihc 
lowder  and  weigh  it  together  with  the  filter;  dwlnct  fntm  the  weight  of 
li  the  weight  of  the  filter;  the  remainder  is  the  weight  of  limestone 
And  the  difference  between  this  weight  of  [Kurder  and  its 
Ight  of  iO  onuces  will  show  the  (|uautity  of  bitumen  which  has  (h-cu 
leted. 

e  operation  may  l>e  verified  by  evaporating  the  sulphide  of  carbon 
wtater  at  IfHjO;  the  sulphide  of  earlion  being  vaiHHiwd  at  U8'=,  the 
Ine  thus  obtained  will  be  the  bitumen,  which  should  ctimil  in  weight 
to  loM  Biutained  by  the  powder  in  the  previous  operation. 

ASPHALT  STREETS  AND  KOAnS. 

STHEETS, 

Dk;  remarkable  [>ro[H'rtic8  of  asphnJiie  rock  ijerrait  of  its  being  used 
iUo>-ed  for  stn-ets.  At  the  lemiwratnre  of  near  100^  the  bitumen 
ii  inipregimtes  the  muleciUes  of  i:arl>onut«  of  lime  begins  ta  yieUl, 
I  thu  parricles  sejiarate  and  cnimble  to  a  mass  of  brown  iM>wder  at 
I  (u  SHU^.  W  this  iliist^  while  hot.,  be  compressed  in  a  mold  and 
1  to  wtol  in  its  new  form,  the  moUviiles  will  ailhen-,  and  Ilie  rock 
B  Koover  the  aspeet,  hanlness,  and  all  the  qualities  it  originally  )xm- 
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sessed  when  extracted  from  the  quany.  If  the  hot  powder,  instead  of 
being  placed  in  a  mold,  be  spread  about  two  inches  iMeik  on  a  hard 
foundation,  and  pressed  or  packed  by  a  hot  iron  pestle  used  with  the 
hands,  or  by  a  roller,  and  allowed  to  cool,  the  surface  will  immediately 
solidify,  forming  a  monolithic  crust,  identical  in  all  respects  with  the 
primitive  rock,  as  if  it  had  been  taken  in  that  form  from  the  original  bed. 
Such  is  the  principle  on  which  roads  of  compressed  asphalt  are  made. 

The  first  indication  of  this  method  was  due  to  accident  Fragments 
of  asphalt,  dropping  from  the  carts  which  transported  it  from  the  quar- 
ries along  the  road,  became  heated  by  the  sun  and  were  crushed  to 
I>owder  and  compacted  by  the  continued  passage  of  carts,  until  they 
formed  a  hard,  smooth  track.  The  phenomenon  thus  presented  led  by 
many  experiments  to  the  perfect  metliod  of  rock-road  now  in  use,  which 
suffers  no  material  change  from  the  influence  of  the  sun. 

In  1854,  the  first  street  of  compressed  asphalt  that  was  established  in 
Pans  covered  960  square  yards.  Since  then  these  roads  have  steadily 
increased  and  are  laid  in  the  most  frequented  thoroughfares. 

Square  jardf. 

Up  to  1866,  the  streets  of  compressed  asphalt  covered  a  sur- 
face of 96, 000 

During  1867,  there  were  laid  in  Paris 54, 000 

And  in  the  suburbs 30, 000 

Total  surface  covered  to  to-day 180, 000 

The  contract  of  the  Cie  Greuerale  des  Asphaltes  with  the  city  of  Paris 
covers  at  present  at  least  96,000  square  yards  of  streets  of  compressed 
asphalt  to  be  laid  in  1868-1869. 

CONSTRUCTION  OF  EOADS. 

The  construction  of  roads  comprise  the  following  operations:  Fonna- 
tion  of  road-bed;  cnishing  the  asphalt;  roasting  the  asphalt;  transporting 
and  laying  the  hot  powder;  packing  the  road. 

Formation  of  road-bed, — As  soon  as  the  earth  has  been  beaten  down  so 
as  to  become  compact  and  solid,  it  is  covered  with  a  layer  of  concrete 
(made  of  90  parts  of  giuvel  and  40  imrts  of  mortar)  2 J  inches  thick, 
which  is  allowed  to  become  hard  and  perfectly  dry  before  receiving  the 
asphalt. 

The  first  elements  of  a  road-bed  are  good  siuface  drainage  and  good 
under  drainage.  The  damage  and  disturbance  of  all  roads  by  frost  aw 
diminished  in  proiM)ition  to  the  perlViction  of  the  surface  and  under 
drainage.  The  asphalt  roof  or  C4>vering  being  imi)ervious  to  water,  there 
is  no  vertical  absoq)ti()n  from  rains,  and  if  the  drainage  is  perfwt  then* 
yr\\\  Ik»  no  lateral  absoqition.  Consequently  the  road-bed  will  remain 
dry  at  all  s<*asons,  and  the  fi\)st«  of  winter  will  produce  no  upheaval  nor 
disturbance  of  the  road-bed,  as  it  contains  no  moisture. 

Crushing  the  asphalt — ^The  asphi^t  is  brought  from  the  quarries  in 
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|rk»  iitid  l'rii|;iu('iit«  of  all  sizeu,  like  onliimr^'  liiiililiiig  ntonv.  Tlip 
Icks  lire  cmKlit>d  lH.'tM'4?eti  rollL-rs  with  stvcl  t)(>int»,  to  the  rArA- »(  hd  v;^, 
ami  llic  fVagniviits  arf  then  pa^aed  between  smooth  roUern,  wliich  rpducp 
theui  still  lunlHT.  Tlie  di^hritt  is  iiitw  ready  for  rojistiitp.  There  are 
f»riouH  inetbmU  4if  nia^riiig  ad)ii>l4><l  to  Urge  or  Kniall  entablishinentA. 

Knwce /»r  FiMuiHng  imphiilt. — Tlio  oi-diiiHiy  iimtitiiiK  Airnoce  corMsIh 
coiiiaiTe  Miirl'aw"  of  8btM>t-irui)  rIk-ii  Ut  the  air.  n'stiup  on  whIIh  of 
H,  with  a  t'uniHi-^  UDdnnieiith.  {'Aw  Plate  I,  Fi^)*.  1  aii<l  3.)  The 
atwet-irnii  pun  iiicaxim'it  2  yards  7  iucheti  by  3  yanlt*  \\^  iiiclH?».  A 
charge  of  (-jiiHlii-d  asjihalt  of  about  1,700  pounds  is  thrown  npon  thp  pan, 
and  tliiHii^  tlii!  procesxi  of  nHuttinjr  it  it*  fliiovelled  and  turned  by  two 
lut^'u.  to  irncU-r  the  rousting;  (hiuhI  tlirouKhout,  fsvtv  beiiix  tAknn  in  the 
Hhovrlliiig  not  to  throw  up  and  ex{joM«-  the  jHiwdiu'  tuo  imivli  to  th«  air. 
After  an  vsiwsun!  of  an  lioiu-  and  a  half  t*»  a  gnulually  inen-juting  t«'in- 
',  wluL-li  rimw  iu  2aP  or  300°,  the  tU«iat*'KratiQn  in  c<)mplpt4*  and 
k  powder  rewly  for  use.  Particular  care  and  some  experience  are 
1  in  rMn»iiu«,  tJint  eacli  |>ortion  may  be  cxitoscd  \n  a  t<>nipersttnre 
«rlye<iiia1  as  jiossiblc.  and  sutKrient  to  prothtu-  a  nnifonu  and  cum- 
tt  disinti-^ation  of  particles  thruughuiit  the  miuM.  In  <^old  ut^athor 
<  niumt  bu  made  for  iuoreaNed  lo^  of  heat  in  tninsiwrtiiif;  the 
trdvr  to  the  road- t>ed,  that  it  mayiiol  become  too  cool  for  con  soli  rlatiou 
bi>f4«re  it  is  laid  and  pauked.  Uiiifonn  and  equal  roasting  are  inijH»rtant; 
if  any  |>ortion  of  the  mass  \&  not  Kufllcir^ntly  heated  to  produce  complete 
ition  and  soflening  of  the  oils,  that  |>orliiiii  will  not  concrete 
1;  ulso.  a  portion  of  the  niuistiu^  which  slionld  lie  di!(]R'llcd  will 
a  aud  piwent  the  oily  sulMtancc  fi-om  cementins  'he  panicles.  If, 
e  other  hand,  jiuy  poHion  l>e  overheated  and  burnt,  the  (^■inenting 
u  will  lie  cxiH'lled  and  leave  ii  dry  |)owder,  destitute  of  the  i|nal- 
f  ctdiesion.  Defeats  which  upjHuir  in  lisphaltie  i-oads  stH»n  after  lliey 
1  often  result  fi'om  this  eauHe. 
i  methoil  •>/  riHittiiig. — In  tliifl  nictlio^l  of  roiutting  an  ap|>ar)itiiK 
L-iple  of  a  common  coflW<-roH8ler  iH  tiAcd.  (See  Plate  M.Fip*. 
A  hori/.oiita]  cybuder  re^olviw  within  a  stalionarj-  cylindrical 
r  in  the  iiiterveuinj;  annular  cliamt>ej'  is  heated  tVoni  n 
I  beueatli.  The  ii'volving  eylintler,  charged  with  »tH>ut  4,4(HI 
cniMhed  asphalt,  in  itx  notary  motion  over  Ilie  fire,  nwtein  in 
siow  every  |MH-tion  of  asplnilt  reguhu-ly.  Varliuw  giwew  i<?<ca|w  nt 
I  uriSce  ahr  d,  which  is  partly  closeil  by  a  thin  inw  safetj-  liil  i",  whirh 
y  in  tMsi.'  of  any  sudden  pn-ssurei.  At  the  end  of  an  hotir  and  a 
len  the  \aiM)r cesiaes  to  rise,  the  roasting  ui  llntshed.  The  fumite*' 
Ji,  which  rests  on  wheela  running  on  I'ails  /,  is  then  withdrawn, 
lUgbt  in  its  place;  the  Inilt  g  is  drawn,  and  the  iiowder 
^ed  into  the  carl.  The  lid  of  the  earl  is  chtsed  to  retain  the  heat, 
ecjirt  is  nuived  olf  with  the  load;  the  furnace  is  brought  linck  and 
oantiu^  itAplialt  rei'^jniiuenei-s. 
inui  hi/ini/  Ihr  hul  fHunliT. — t'onuerly  ns])hall  \ 
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by  the  side  of  the  road  to  be  laid,  producing  smoke  and  vapor  which  dis- 
turbed the  circulation  and  was  inconvenient  to  the  neighborhood.  It 
is  now  roasted  in  large  establishments  in  the  suburbs  and  transported 
in  carts  lined  with  sheet-iron,  and  in  a  distance  of  three  or  four  miles  in 
summer  will  not  lose  over  1(P  or  12o  of  heat,  and  in  winter  30°  or  4fP. 
The  asphalt  must  not  be  laid  on  a  moist  bed.  If  the  surface  is  moist 
the  heat  of  the  powder  vaporizes  the  moisture,  and  the  steam  escaping 
through  the  powder  prevents  the  complete  cohesion  of  the  particles,  and 
the  road  will  be  out  of  condition  in  a  few  months. 

If  it  is  impossible  or  inconvenient  to  wait  for  the  drying  of  the  con- 
crete bed,  it  must  be  dried  by  artificial  means,  such  a«  covering  the  sur- 
face with  hot  ashes  or  hydraulic  lime  for  a  few  minutes. 

The  bed  being  in  condition,  the  asphalt  is  spread  upon  it  uniformly, 
giving  it  a  coat  of  2  or  2^  inches  in  thickness,  to  produce  a  final  crust  of 
If  to  2  inches  thick. 

Packing. — ^The  packing  then  commences  immediately  by  hand  with  hot- 
irons  or  pestlesj  with  a  smooth  under-surface,  which  are  applied  lightly  and 
uniformly  to  the  surface. 

The  packing  of  the  edges  is  done  with  rectangular  irons,  (see  Plate  III, 
Fig.  6,)  and  that  of  all  other  parts  of  the  service  is  done  with  circular 
irons,  (see  Fig.  7.) 

When  the  crust  of  asphalt  has  been  compressed  to  its  definitive  thick- 
ness, a  thin  coat  of  dry  sifted  powder  is  spread  over  it  to  fill  up  inequali- 
ties, and  the  whole  surface  is  then  smoothed  over  with  a  fiat  iron,  (see 
Plate  UI,  Fig.  8,)  which  has  been  heated  nearly  to  a  red  heat. 

While  the  asphalt  is  still  hot,  smooth  iron  rollers  are  passed  over  it, 
the  first  weighing  about  440  pounds,  and  the  second  3,300  i)ounds,  which 
completes  the  packing. 

The  process  of  rolling  is  sometimes  omitted,  and  it  is  still  doubtftil 
whether  it  adds  anything  to  the  solidity  of  the  coat  resulting  from  the 
immediate  concretion  under  the  smoothing  irons. 

The  packing  thus  completed,  the  road  may  be  opened  in  a  few  hours 
to  the  circulation  of  vehicles  of  all  kinds. 

Resuming  and  continuing  the  work. — ^To  resume  the  work  of  the  previous 
day,  the  edge  of  the  solid  asphalt  must  be  cleared  of  dust  and  loose  par- 
ticles and  a  layer  of  hot  asphalt  thrown  upon  it  to  heat  it ;  when  the 
edge  is  sufficiently  hejited  the  layer  thus  thrown  down  is  removed  and 
returned  to  the  furnace  for  reheating ;  and  as  this  removal  takes  place, 
a  hot  layer  from  the  carts  is  thrown  down  and  spread,  and  the  packing 
immediately  commenced  as  before  described. 

The  edge^  of  the  old  and  new  work  thus  unite  perfectly,  and  no  joint 
or  seam  remains  visible. 

It  is  unnecessary  to  interrupt  the  circulation  of  a  wide  street  to  cover 
it  with  asphalt.  The  process  is  carried  on  upon  one  side  of  the  road ; 
and  when  that  is  completed  and  delivered  to  circulation  the  other  side  is 
commenced.    Hie  jcrint  or  seam  along  the  aads  of  the  road  being  formed 


in  the  mauiier  di-wriln-d  for  I'OTitiuiiiug  tlio  wcirk  frmii  omt  day  to  uiidiIiit, 
^M  vesligi!  of  it  reiuaiua  if  wull  dune. 

^■bie  nae  of  cninprpHstHl  luiphiilt  is  not  Uinilotl  to  tlie  otiiiMlnit^iwu  of 
^^bwayx.  Conrtyanls  of  railway  statiuiui,  Iioti'lH.  private  lioiim>H,  (iiiayx, 
^^P  croMDgH  for  foot-pawifngprH  from  oiif  sidewalk  to  another,  ai-e  ottvii 
^Bml  witli  coroprrsfled  asphalt,  and  ^ritho^t  even  iiit«miptiiig  cirmila- 
^■H  during  Mi«  pi-oo^ittt  nf  eou&trartioii. 

^K  AUVANTAGKS  OF  ASPHALT  BOADB. 

^■iCntuitnnt  wear  for  a  year  does  not  rediicp  th*  surfarp  more  thaa  ^  of 

^Biiwh;  rotiwipieiitly  these  nuids  jirmliice  neither  mnd  nor  dust, 

^Hpi«y  diiniiiiMh  dniiiglit  to  a  very  low  |H>iat.    They  »tv  !ilnio»t.  iiniiM'- 

^Bpf  carria(!e-whi>L>li4  roll  aloiiff  without  being  heard,  liut  foot'-|>awH'iigi>ni 

^B^WEflied  liy  the  uudihle  trump  of  tlu-  Iior»es'  feet. 

^HjElix  jar  atid  stminitit;  of  (■arriii;;eiii  is  almost  annihilaUHl,  and  tiieir  wear 

^^BB  th»we  iniiHirtant  <'au»es  l>eeome»  nearly  impen-eptilile. 

^^^RMfootlngof  theniiul-lifHt  lieing  tuitM'rviouiiiiin'Ht<>r,  the  ht'<)  Imihhik-k 

^^■drr  ttiid  drier,  and  onee  made  in  imitenHhahlc.    ThoM^  nmd»,  when 

^^■ipleted,  are  absolutely  ftvf.  tVoni  bituniinuus  t>dor. 

^^BbjectioQ  hat*  been  made  that  a«phalt  road»  are  slippery  in  wet  wviither: 

^^B  this  olijpction  is  ill-founded,  if  the  snrfaw  be  nearly  hoiizontal,  with 

^^B  8[iinct«nt  convexity  to  eau»e  water  to  flow  IVeety  and  waHli  the  sarfaoe 

^Hd  pnH>f  of  this,  direct  obser^'ation  showH  that  on  panillel  street^  one 
^Hrvd  and  the  otiier  of  aH[ihalU  1  horse  in  l,:j08  falls  on  the  pavcnl  Mtre^'t, 
^^b  i>nly  1  in  1,4(KI  on  the  ut^phalt,  thim  gi\'iug  the  superiority  to  asphidt 

^HA.  noteworthy  advantage  is  tie  facility  witli  which  reimirs  are  made  by 

^^■qdy  cutting  away  ttiu  damaged  jiortinu  and  replacing  it  by  new  hot 

^Bwder. 

^KCh£' — ^ARphnlllc  HtrectH  in  Paris  cost,  on  an  average,  (concrete  foiiuthi- 

^Hb  Included:) 

^Hpr  square  yani t-  ^ 

^^bd  for  Rnnual  repairs 2.^^ 

^^badd  tliR  cost  of  other  streeta  at  FariK  for  oouiHirlsou:  Pavement  of 

^^ftd  stone,  (Belgian  pnrphyTy:) 

^^nt  DOst,  deiien<Iing  on  the  size  of  the  atone,  \kv  itqiuire 

^^ktd *3  1)0    to  *;(  fi7 

^^Bntuil  repaim,  detiending  on  the  size  of  the  Joints 

^Hlbetwtt'n  tin-  stones,  i»er  wtnare  yard »8J  to        25 

^^HCaeodamtzcd  streets: 

^^Kst  cost,  |>er  W|uare  yard  _ 117 

^^KaotU  reitairn - 42     to  AO 

^^Rhi»  dw-K  nut  iiicliule  the  great  exjieuse  of  watering  and  clenniuj;  the 

^^Kliwv  sod  removing  tbc  mud  from  the  sewvrx. 

^^Khas  Ulft  first  cost  of  aopltalt  strv^tfi  is  greater  than  that  of  ina«ulllM|g 
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ized  streets,  but  the  cost  of  repairs  is  much  less,  while  the  first  cost  is 
less  than  that  of  the  Belgian  pavement,  and  the  expenses  of  repairs 
greater. 

MASTIC  OF  ASPHALT. 

The  substance  known  by  the  name  of  mastic  of  asphalt,  of  which  side- 
walks are  made,  is  composed  of  asphaltic  rock  reduced  to  powder  and 
mixed  with  bitumen,  to  which  may  be  added  sand  or  gravel. 

The  asphaltic  rock  used  for  mastic  is  usually  of  inferior  quality,  con- 
taining less  bitumen  than  that  which  is  used  for  roads. 

SOURCES  AND  COMPOSITION  OF  BITUMEN. 

The  bitumen  employed  in  Paris  is  derived  chiefly  from  the  following 
sources:  1.  From  bituminous  molasse  (a  species  of  sandstone,  or  a  sand 
and  limestone,  impregnated  with  bitumen)  by  a  process  of  boiling  in 
water,  which  releases  the  bitumen.  2.  From  bituminous  sands,  found 
plentitully  in  the  centre  of  France  and  elsewhere.  3.  From  natural 
deposits  of  bitumen,  as  in  Trinidad,  &c. 

Tar  obtained  by  distilling  the  bituminous  schist  or  boghead  from  Scot- 
land; also,  coal-tar,  produced  in  the  manufacture  of  gas,  have  been  used 
as  a  substitute  for  bitumen,  but  they  are  considered  to  give  poor  results. 
.  Campositian  and  properties. — ^Bitumen  is  composed  of  several  carburet- 
ted  hydrogens  more  or  less  oxygenated.  These  carbides  can  be  separated 
by  vaporization.  The  following  represents  the  average  composition  of 
bitumen: 

Carbon 85 

Hydrogen ^ .     12 

Oxygen 3 

Total 100 


From  whatever  source  derived,  8ui)erior  bitumen  exhibits  the  follow- 
ing properties:  Its  color  is  brilliant-  black  with  a  reddish  tinge.  The 
reddish  tinge  augments  when  bitumen  is  softened  and  drawn  into  tlireads. 
The  fraeture  is  conchoidal,  at  a  low  temperature.  Below  50°  it  is  solid 
and  brittle;  from  50^  to  70^  it  is  elastic  and  begins  to  soften;  from  70^  to 
90O  it  becomes  soft  and  pasty;  from  90^  to  100^  viscous;  and  at  110°  or 
120O  it  melts.  Its  specific  gravity  is  1,025,  (water  being  1,000.)  The 
odor  is  empyreumatic  and  free  from  the  noxious  smell  of  coal-tar. 

FABRICATION  OF  MASTIC  OF  ASPHALT. 

1.  Asphaltic  rock  is  broken  into  fragments  by  hammer  or  grinding 
cylinders,  and  then  pulverized  If  it  is  fat  and  rich  in  bitumen,  it  is  pul 
verized  by  exposure  to  heat  in  an  oven,  or  placed  in  an  iron  case  and 
subjected  to  the  action  of  steam  at  a  pressure  of  four  atmospheres.  If 
the  rock  is  dry  and  contain  little  bitumen,  it  costs  less  to  reduce  it  to 
I>owder  by  crushing  cylinders. 


.  The  powder  is  sifleil  through  liorizouUil  nyliiKlrii-wl  bolters  ot  ^ 
e  of  oue-teiith  iuch  lueshos. 

Tlu^  following  ilimenEtiona  of  a  bolter  are  miitable: 

IJt.^ugth  of  wire-gaiize  portion 5  f«et~ 

l>iain*'tt'r  iit  the  entrance ]  foot  H  inches. 

Uiameter  ut  the  exit 2  feet. 

Diameter  at  the  axle 2  ineiieii. 

Size  of  iron  for  framework 13  iuches  by  12  inches  by  I'j  inches. 

Ntinilter  of  revolutions  per  minute .     25 

3.  A  (|iiantity  of  bitumen  (about  330  itounds)  ia  placed  in  an  iron  boiler, 
semi-eyliiidrical,  with  a  firo  uudi^r  it.  (See  I'lale  I,  Piga.  9.  10.)  As  the 
bitumen  bi-eouics  heated  and  liqiiefie<l,  the  powder  of  usphall,  bntught 
from  the  bolters,  is  thrown  in  from  time  to  time,  till  the  amonut  of 
asphalt  employed  reaches  4,400  poiUHl.t.  A  irYolving  shaft  with  sjMikes 
(E)  [laRsen  horizontally  through  the  semi-c.ylinder,  which  etirn  ii{>  and 
mixes  the  coni[>c)iind,  until  the  wliole  mawt  Ikm-oiih-s  liomogeneous  and  of 
the  eoiwistency  of  paste,  it  ia  then  drawn  oft'  into  moulds  (see  Plate  III. 
Fig.  11}  hohlinc  about  5u  pounds  vaeh,  where  it  is  left  to  eool  and  form 
Koli<l  blocks,  The  mantle  thus  formed  is  ready  for  sale  and  transiHirt  to 
all  places,  During  this  operation  about  seven  j>er  pent,  of  water  and 
Msential  oils  will  Ijo  evaporated,  leaving  4,400  jioiuids  of  mastic 

Good  mastic  should  contain  18  per  cent,  of  bitumen;  eoiuM'(|UeRtly  tlie 
<|iuuitity  of  bitumen  added  to  the  aK))halt  must  1k^  regulateil  by  the 
quADtity  inherent  in  the  rock. 

Cost, — The  cost  of  mastic  in  Paris  is  (1  09  i>er  100  poimds. 

BITUMINOUS  SIDEWALKS. 
^kBitmninonssidewalksco^'erin  Parisa  surface  of  l,430,KIHtsipiiireyanls. 
VVMynre  maile  of  mustio  of  asphalt.,  nnth  an  addition  of  bitumen  and  fine 

i;nive],  in  the  following  proportions: 

MHstic 100  pornula. 

Additional  bitumen 5  to  6  pomida. 

^^pe  gravel 00  to  TO  pounds. 

^^^mtbriaitwA. — Place  three  per  cent,  of  the  bitumen  in  the  mixing  cylin- 

^^p^  (iHw  Plttt«  I,  Figs,  0,  lU,)  and  stir  with  an  intn  puddling  bar.  {sev 

Plate  111,  l-lg.  17,)  and  when  this  is  hot  aud  U<)uid  add  ^  of  the  nmstic 

lifokcn  in  lunifis;  this  being  melteii  and  mixed  -mM  ime  |ier  iteiit.  more  of 

bitumen,  and  another  ^  of  the  mastic,  and  in  due  eouiite  the  remaining 

^^^h  per  cent,  of  liilumen  and  ^  of  mastic, 

^^Hnien  (bio  mass  is  melte<l  and  well  mixi'<l  add  hidf  the  gnivel,  and 

^^^■r  M.U  iuter\'al  at'  heating  aud  mixing  add  the  remaining  half.     Clean, 

dug,  silicitms  river  santl  is  l>est;  the  proportion  to  be  a'hled  is  not  abnn- 

liil»;  it  is  usnally  thrown  in  as  long  as  the  mass  retains  the  pro|«er 

r-like  consistency,  and  no  longer.     A  larg<-  pro|>ortion  of  miiid  or 

I'antageous  in  a  hot  climnd',  ns  the  sidewalk  will  Iteleu 

1  by  (be  rays  of  the  sun. 


iphalt  *'sin 


The  temperature  in  mixing  Rboalil  range  from  300°  to  400o  fw  two  or 
tlire*:^  tiourn,  tlie  mtvss  being  all  tbe  wliile  tigiruU>(I  by  the  rernhilig  8poke«, 
whvii  tbr  mixture  will  be  rea<ly  for  use. 

Tramtportotwn. — It  is  tbeii  drawn  off  into  a  ]>ortabk-  sbeet-iron  bulliT, 
on  wheels,  {i^-a  Plate  III,  Figa.  12, 1^,)  HuppUed  with  a  small  friniaoe,  ao<l 
revoUnng  shaft  and  8ixike»;  a  mwlenitt"  Hre  is  required  on  th**  way  to 
keep  the  lUiistie  in  a  seini-liqiiid  Htat^,  and  the  ahafi  in  oocasionally  turned 
I>y  hand  to  avoid  the  unequal  heating  of  the  mastic. 

A  |nirtjible  tmiler  like  the  mie  represented  will  cnirj'  enough  to  cover 
31  Mjiniri'  yanlH  of  f  iiieh  thick. 

It  weighs  when  empty  2,aiO  t«  .'J.aOO  poaiuh;  when  full,  ■1,«50  to  5,500 
poundn,     Tlie  eost  in  Paris  is  iilH. 

Foundatlom. — ^The    grround 
should  be  thoroughly  drained, 
and  if  it  is  lisinl  a  layer  uf  eaa- 
erete    IJ   inch    thi<;lc    in 
spreoil  upon  it ;  andthen  » layer 
of  mortar  J  an  inch  in  thick' 
nc^s  i»  spreiul  on  the  concrete 
If  the  ground  is  loose  it  should 
be  beaten  till  it  is  compnut,  and 
then  covered  with  a  la>'or  of 
concrot*  ;1J  iuehiw  in  thick- 
ness, and  upon  ttiix  a  layer 
of  inoi-fnr  j  inch  thick ;  thix 
forunitiou  Hhotild  be  left  tn 
become  completely  dry  b<^ 
lore  the  nmstic  is  applieiL 
Laj/hiff. — To  8e«'iin.i  tiul 
».      formity    and    facility    in 
8piv)uliiig1h(.Mntisttcouthe 
bed  a  couple  of  iron  rods 
or  rules  uri'  itwd,  of  tin) 
thickness  of  the  int«nded 
J.  „   ,.  coat,  usually  J  of  tm  inch. 

8id8»»[k..,«n  100.C  «,il.  sidewalk  panUU-l   to  faclt 

other,  with  a  convenient  distuDce  between  them,  thus  foriiuiig  u  gnnge 
for  the  workmen.  The  inaHtic  being  of  the  eonsist«ncy  of  onlinury  mor- 
tar and  brought  hot  from  tiie  iKU-tahle  hoiler  in  an  iron  hidle,  (see  Piste 
III,  Fig  Hi,)  is  diuii)K4d  on  tJie  ground  in  small  ehnrgi-s  between  the  rods, 
and  is  imini'4liut<>!y  spread  over  the  Hurfavu  with  wooden  truwela.  (Sab 
Plat#  III.  Figs.  U,  15.) 

Otu*  bi-lt  being  thus  laid,  another  is  uumwene«4i  while  the  hrst  \»  still 
hot;  the  edges  of  the  first  an<l  wntond  l)elt,  if  kept  clean,  will  rVttdUy 
unite,  and  the  work  is  then  eontinuc<I. 


^' 


«=?■ 


ASPHALT  AND   HI' 


The  Horfiice  of  tli(?  coat  being  snuHitlii'd  liy  wowU-ii  trowds,  a  lifilir 
Kibower  of  dry  flue  Band  is  sin-iiikJcd  ou  it  wliiU-  it  is  still  mil,  to  itnMluce 
■  ■  morti  t<t«(iy  Kurfec*,  hut  the  mmt\v  bt*iiig  nlrL-ady  saturaUil  veiy  littlp 
lAftlie  futml  will  be  retained. 

TliH  cuolia^  "od  baitlcuin^  uri<  mpid,  and  in  a  few  minutes  the  side- 
walk ia  ready  for  usfi. 

To  rpAiinie  tlio  work  of  a  preceding  d»y,  a  jtroce**  (tinillar  Ui  tJiat 
JcwjUmhI  for  roa*k  of  asphalt  in  ne<.'i'S(«try,  in  order  to  Boft«ii  the  vdgve  of 
tli«  pre^Toiut  belt,  and  priHluL-e  a  complete  soldering  of  the  edges  of  the 
■acoensive  belt^ 
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jijOOO  sqnare  janla,  of  \  ineh  thick,  viiries  in  different  towns  of  l-\an«, 

r  fiquare  yai-d,  from  67  cents  to  $1  12,  Inking  in  Paris  To  cents.     If  the 

baailAtlon  vX  cftucrtt^  and  mortar  be  iiicludtsi,  the  cost  of  the  sidewalk 

riw  in  Paris,  jK^r  square  yard,  froiti  92  cents  to  fil  12  ac«-onliiig  to  tho 

Dens  of  eonci-ete.    Annual  rei>airs  are  estimated  at,  i»cr  wjuan*  yard, 

h-e  eeiils. 

VARIOUS  USES  OF  ASPHALT  AND  BITUMEN. 

Asphalt  and  bitnmen  have  Im^ti  nsod  in  many  ways  from  time  imme- 
miirial:  tliey  are  found  in  nbiuidance  in  the  Assyrian  and  Egj7itinn 
fruains,  and  are  still  among  the  l«*st  materials  for  amstmetious  of  numvr- 
00«  kinds,  sonic  of  whieli  will  be  tiriefiy  noticed. 

FOUTtDATIONS  IN  DAaiP  QHOUMD, 

The  lUiceut  of  moisture  in  tlie  walls  of  a  bmlding  on  wet  ground  vasx 
be  dieaply  and  effectively  prevented  by  a  layer  of  aAphall  Itetween  two 
coumw  At  the  base.    (See  Plate  I,  Fig.  11.) 

A  remedy  nmy  be  appliml  to  a  building  already  erevttMl  by  digging  a 
trenrh  round  tlie  fimnchttiona  and  lining  the  outer  siile  with  plaiika, 
Imiiig  »  s|KH-e  of  three  t«  four  inehes  1h-Iwc4mi  the  jilank  and  the  wall, 
uhI  AlUng  in  the  sjntce  with  hot  concrt^te  of  mantie  anil  gravel,  am]  th« 
pl*akM  are  then  removed  and  their  place  Ulled  with  earth. 
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TEBBACES. 

If  the  terriaoe  is  roofed  in,  the  mastic  is  laid  as  for  sidewalks. 

If  the  terrace  is  exposed  to  the  weather  the  process  presents  several 
differences.  Thus,  suppose  the  terrace  to  be  formed  of  a  series  of  arches, 
the  space  between  the  veins  are  filled  with  gravel  to  a  level  with  the 
keystones,  forming  an  even  surface  over  the  whole.  A  coating  of  con- 
crete is  first  laid  on  the  surface ;  second,  a  thin  coating  of  hydraulic  mor- 
ter,  giving  to  the  surface  a  gentle  slope  of  3  to  4  per  cent  When  the 
mortar  is  perfectly  dry,  a  covering  of  fat  mastic  one-fifth  of  an  inch  in 
thickness  is  laid,  of  which  the  proportions  are,  to  the  square  yard. 

Mastic  of  asphalt 13J  pounds. 

Bitumen ^  pound. 

Eiver  sand J  pound. 

This  coating  is  allowed  to  cool.  Finally  upon  this  is  laid  a  covering 
one-half  to  three-fifths  of  an  inch  thick  of  mastic  mixed  with  80  per 
cent  of  fine  gravel,  and  while  it  is  still  warm  a  sprinkling  of  fine  sand  is 
thrown  over  it 

The  two  different  coatings  of  mastic  are  intended  for  different  pur- 
poses ;  the  first,  containing  more  bitumen,  is  more  elastic  and  less  liable  to 
crack,  and  therefore  resists  water  best;  the  last,  with  more  gravel, resists 
better  the  heat  of  the  sun. 

FLOOBS. 

Floors  covered  with  a  coating  of  mastic  are  common  in  factories,  hos- 
pitals, &C;,  on  each  story,  and  are  a  good  preventive  of  dampness,  especi- 
ally on  ground  floors.  The  mastic  is  sometimes  laid  between  boards,  and 
in  all  cases  the  mastic  is  prepared  as  for  sidewalks. 

Great  use  is  made  of  mastic  for  the  floors  of  stables.  It  is  elastic  to 
the  feet  of  animals ;  it  is  not  deteriorated  by  the  washings  of  the  stable, 
and  absorbs  no  moisture  to  produce  exhalations.  The  floor  should  be 
grooved  by  an  iron  mould  while  the  mastic  is  hot,  to  prevent  animals 
from  slipping. 

SURFACE  OF  ABOHES. 

The  surface  of  arches  of  bridges,  tunnels,  and  military  works,  are  oft;en 
protected  from  infiltrations  by  mastic. 

The  extrados  of  the  arch  having  been  coated  with  mortar  and  allowed 
to  dry,  a  coating  of  mastic  rich  in  bitumen  is  applied,  and  upon  this  a 
coating  of  two  to  two  and  one-half  inches  of  clay,  to  protect  the  mastic 
from  the  pressure  of  angular  and  broken  stones. 

PITS  FOB  OBAIN,  BOOTS,  STO. 

Cellars  in  the  ground  for  the  preservation  of  grain,  roots,  &c.,  were 
extensively  used  by  the  ancient  Egyptians. 

Pits  of  tUs  kind  are  constructed  in  France  as  follows :  An  excavation 
is  made  of  the  required  dimensions  and  floored  with  concrete  eight  to 


■en  inolii'R  in  rliiokni>j«ii;  iipnii  tlie  mncrote  io  laid  h  coating  of  maittio 

1  bitiimeti ;  Die  siiU-a  of  tlii"  pit  ari-  roiistnictwi  of  brick,  r(>mi'iit<'<l 

h  liquid  irinxtk-,  and  a  spiu^o  niiti^idf,  alxiiit  two  itx'lif.s  In  tliickiieas, 

nwii  till-  wall  and  Miu  earth  around  the  wall  itt  fllltnl  with  inaHtii*-, 

il  with  broken  HtucifH. 

e  imrntnnding  earth  is  loos«  and  tnoveabk'  it  may  bt*  HUBtaiDt>il  by 

u)^  st^inp  wall,  the  H]mfi'  of  anv  to  otie  and  on«--half  ini'hiw  iH-twiieo 

t^aud  liH<-k  wall  bi'in^  lllb'd  with  inaAtir.    Alkrick  di>m<> cenit<nl4>d 

with  mastif.'  i»  ciwtwl  (iv«*r  thu  pit,  the  snrfiwe  Iwinj;  i-ovcrwl  with  nm^tir; 

an  opening  ia  lett  In  the  tu|i  fur  intrixlneing  the  dry  grain,  &<;.,  and  when 

fiUed  cloned  with  a  stitne  to  fit  and  sealed  with  iniiMtic,  und  ii  tluul  eover- 

i  tif  earth  and  grass  is  then  added.     I'it^  of  thiii  deMcription  »n>  uluuiat 

ialialdf,  and  will  preserve  grain  for  a  long  period. 

MARINE  C(JNSVKl*CriONS, 
itfti  of  aitphalt  hajt  been  iistHi  for  making  btorks  for  marine  foiinda- 
I,  bat  experiments  of  this  kind  rwinire  long  periodic  of  time  to  test 
I,  and  the  trials  are  all  to(»  recent  to  cstiiblish  i-eliablo  cxtnclusions. 
tcks  of  eonci-ete  ■■cnicnti^l  with  inaslie  cast  into  the  Kea  at  Poim-de- 
e,Aud  greatly  exposed,  in  IJtjfl  and  IMOO,  remain  g(«Kl  at  this  time,  and 
r  no  tniirks  of  decay,  Imt  the  cost  of  iniuitic  n-ndere  them  cxjwusive. 
r  tlihi  purpose  the  mastic  is  pn^pure<l  with  bitninen  tis  for  sidewalks, 
J^lacing  in  the  xemi-cylinder  and  melting;  SUiht  cent,  of  broken  stone 
enie  of  on  egg  is  then  thrown  in  and  mixed,  H[il>iWK|uetitly  an  eiiiial 
latl^  of  stone  is  itdtlcil  and  finally  a  thinl. 
he  niistiire  will  then  contain  the  following  jmijKirtians: 

Pouiida. 
e  of  asphalt 95 


n  stone . . 


150 


FA  wiKMlen  mould  i^  pn'pared  by  washing  the  inner  snrfare  with  lime 
Water,  the  mixture  [wuml  into  it  and  ponndcd  hwi\ily.  At  the  end  of 
ten  days  t.he  mould  is  removed 
ami  the  block  is  ntady  to  be 
'"vvered  into  the  sea,  Bloi-ks 
''  thiA  kind  measure  about  5 
"-el  by  l>  by  10  feet. 
Xx|i«riuient(tliavt>tieenm»de  I 
ri>mniiiticiiM  follows.  I 
Baunexed  sketch  repre^.Dts  I 

:,  theinlcriorof  whichis  Bl«p|(«Dfc( 

il  of  rough  stones  cementiHl  with  fitt  lime,  the  outer  coating  4  inches 
[,  b«inj:  of  mastic  as  above  descriltcd,  and  tlie  bloi^k  eoHbi  #7  !X>  the 
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PIPES. 

Bitumen  mixed  with  clay  and  gravel  is  extensively  used  for  coating 
gas  pipes  to  protect  them  from  corrosion. 

Pipes  of  this  kind  (system  Chameroy)  were  exhibited  in  class  65,  French 
section.  Great  quantities  of  this  pipe,  made  of  sheet  iron,  were  laid  in 
Paris  between  1856  and  1866.  They  are  now  furnished  at  the  following 
prices: 

Cost  of  Chamerojfs  gas  pipe. 


Diameter  of  pipe. 


Thicknem  of  Iron. 


Thicknen  of  bitumen. 


Cost  per  linear  yard,  in- 
clading  joints,  boltit,  Ac. 


Incke*. 

Inehe». 

1 
IncktB.                   1 

3  1-5 

0.045 

0.50 

|0  64 

7* 

0.060 

0.60         ! 

I  79 

18 

0.072 

0.70         1 

3  27 

24 

0.140 

0.84 

1 

10  20 

EEMARKS. 

Those  who  have  frequented  the  exhibition  cannot  have  failed  to  observe 
that  it  abounds  in  the  products  of  recent  inventions  and  improvements, 
intended  to  supply  the  commonest  and  most  numerous  wants,  at  contin- 
ually diminishing  cost.  Some  of  these  products  have  aheady  gone  into 
general  use ;  others  will  doubtless  obtain  equal  success,  and  a  mere  de- 
scription of  the  products  themselves  might  be  readily  and  easily  made ; 
but  such  a  description  would  present  no  more  interest  than  an  advertise- 
ment. 

An  accurate  account  of  the  methods  and  processes  by  which  such  pro- 
ducts are  made  is  the  only  description  of  value  to  the  jiublic.  This  would 
enable  many  individuals  to  engage  in  similar  industries,  increasing  the 
supply  of  the  products  and  still  further  reducing  their  cost.  But  descrip- 
tions of  this  kind  are  often  difficult  and  not  unfrequently  impossible, 
0¥riug  to  the  unwillingness  of  producers  to  disclose  their  methods. 

This  cannot  be  complained  of  however,  since  inventors  are  entitled  to 
profit  by  their  studies,  and  for  this  purpose  to  preserve  their  secrets, 
although  this  is  a  bar  to  inquiry  and  a  considerable  restriction  upon  the 
utility  of  international  exhibitions.  It  may  not  be  useless  nevertheless 
to  mention  the  following  products  which  are  analogous  to  those  I  have 
descnbed  in  the  preceding  pages,  premising  that  the  notices  will  be 
found  incomplete  and  limited  to  such  information  as  may  be  gatliered 
by  observation  and  inquiry  without  intruding  on  the  reserves  of  inventors. 

Pipea  of  hituminized  paper. — Pipes  of  this  kind  were  exhibited  in  Class 
65,  by  Jaloureau  &  Co.,  which  resist  a  pressure  of  15  atmospheres.  The 
paper  is  dipped  in  melted  bitumen,  and  rolled  around  a  cylindrical  mould 
until  the  thickness  desired  is  produced.  These  pipes  are  lig^t  and  dura- 
ble, and  are  used  with  good  resiiItB  for  water  and  gas. 


ictu'  of  i>ii>e,  u)st  per  linvar  yan),  inetatliiig  joiiiUt,  Imltdf  Sa\'. 

<H,  :i7  <;eiitM ;  4  ini:hoa,  81  i-^iit^ ;  T  iiichfw,  $2  14 ;  ^  iocbt^H,  ^2  7:i. 

eiit  for  tiw  »l>ove  sold  Ut  a  bunxe  in  Boston.) 
rottclion  of  lealh  fn)m  dampnean. — A  Uc|uid  bitomeii  pre]i:iriMl  by 
oiironii  &  t'o.,  i^xliibilAil  iu  ClitHH  Gi>,  is  iixed  for  protertin};  walli*  tmm 
>ii  from  ni«t,  and  wood  frinn  dwiiy.  The  li<|ii[d  is  applied  with 
i  brush.  If  the  wiill  is  to  be  painted  in  oil,  a  wash  of  wliitc  liipiid  glui' 
in  applied  atU^r  tlie  bitiunen  and  Ix'ti^re  tiie  paint.  Ity  InmtiNji;  llie  Mtu- 
■Ml  it  will  iK>netrut4>  dei-per  into  the  wik»1,  &c.  Co»t  uf  liquid  bitumi<u, 
B 100  poundH,  $4  38. 

Wkrtijinal  httitmen  for  iiidemdka. — (Situme  factice^  or  lare  ftmbU.j 
HbUrous  attt'uipts  have  bet>ii  Biade  to  fabricate  bitumen  for  sidi'walk«i, 
Ht  in  general  tliey  have  failed.  T)ie  only  exception  is  that  of  Jalonreau 
npo.,  (Class  fKi.)  This  eoni|H>Hition  wiUf  ni4e<l  forthelM>dNof  thenrtitlclftl 
Bu  atid  KtreiLUi»,  ill  the  park  of  the  Kxhiltition,  alno  fur  (he  Hi|iiariuuiM, 
Kgnt  of  Ktablt?»,  and  part  uf  the  sidewalks. 

Bt  i»  adopted  to  a  eon  side  mble  extent  in  itiid  abuiii  Piiris,  aD<i  appears 
Hi  Mltiptetl  to  uiniiy  uses. 

Hjhv  rceurd  of  the  patent  (expired)  ^Tes  the  following  elements:  coal 
^L  b€«t«<I  to  a  deji^-e  that  renders  it  hard  and  brittle,  25  partt* ;  slacke<t 
He  in  lino  jiowder,  .'50  paits;  river  (travel,  "•'»  parts. 
BSiew  ingredients^  are  uiixetl  in  a  uist-iivu  Ixriler,  heate«l  for  two  hour^ 
mA  drawn  olT  into  nionUls. 

Httie  blnekx  thus  obtained  are  treated  xubseqnently  tbe  same  as  mastic 
Hagphalt  for  sidewalks,  except  that  the  I^nijterature  in  carried  higher. 
Bkn  impnjvement  on  thi»  imtent,  also  on  nH;ord,  yives  the  following 
Bmeutei  bitiiminons  residne  of  tur  of  all  kinds  8aturHt«tl  with  'Jii  to  50 
HomiL  of  non-vohttile  bituminous  oils,  'Si  io  rM  i»er  c«nt.;  carbonat«  of 
W)  in  dry  powder,  W  jier  cent. ;  ailiea  and  clay,  '25  jwr  cent,  8timNl 
^B  builer  over  a  slow  Art;  for  ten  hours  and  mn  uff  into  moulds. 
Bnst  for  sidewalks,  four-fifths  incrb  thick,  50  cents  iH-r  sqoare  yard ; 
^bte,  Rtable  floors,  &c.,  two  inches  thick,  $L  10  |>er  luiuare  yard ;  lake 
H8,8tr(«mR,  &e.,  $1  10  per  sipiare  yard;  layers  in  walls  to  prevent  r^s^■ 
Bnoisture,  58  cents  jier  s({uart<  yanl. 

^KhOKinou»  roofing. — A  covering  lulled  earton-mir  (leatJier-eard)  was 
HpfbibMl  by  P.  I>esfeiix,  Olass  S5 ;  a  fabrication  of  bitumen,  Kind  uiid 
Hbk  (lapfr,  which  was  used  in  many  of  thenMifsof  buildin;;i«  in  the  [mrk 
^■Appeaiwl  I"  antiwer  well.  It  is  said  to  resist  rain,  frost,  and  hrnt. 
Hi  being  very  light,  slender  timlM'^r  work  only  is  reiinire*!  Ut  vurry  i(. 
^Bb  piitnp  in  rolls  of  i:)  yards  by  2*j  inches,  sanded  ou  oiil*  Kidt^ 
^■du'l  pounds  10  (luncvM  per  square  yard,  and  eoHts  IT  cents  |H>r  sqauxe 

^M»lAtillir  rimjing. — Atiotlier  eoveriiiR,  »  ^[teeieH  of  felt  impreguuted 
^■l  n  proportion  of  asjihalt^  bitumen,  and  nisin,  was  exhibited  by  A. 
Hauubi^a,  H-hieh  ap[>e.arK  to  give  gotsl  results.    It  )s  tt»ed  Witli  w 
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Weight  of  square  yard,  not  sanded,  3  pounds ;  cost  17  cents ;  weight 
with  sand,  7^  pounds ;  cost  26  cents. 

Varieties  of  this  fabric  are  used  as  covering  for  walls,  sheathing  of 
vessels,  coating  lor  gas,  water,  and  steam  pipes,  &c.,  and  being  elastic 
and  tenacious  has  advantages  over  several  other  kinds. 


SECTION  n. 


MACADAMIZED  STREETS  AND  ROADS. 
INTKOBCTCTORY  REMARKS. 

r  foreigneitt  who  travel  iu  FraIK^e,  or  visit  the  city  ami  fnvironB  of 
I,  tinil  tM  nbnerve  the  exnellence  ol'  the  macadamizeO  ntacUi,  auil  not 
■qaiMitly  inm^iie  tb»t  tlittre  lunst  b*  something  i»c<;iiliiirly  t'itvoi-ublo 
L*  iiatuit^  uf  tht;  w)il,  or  i>&jiiivpHeveiisumethiiiguniqiif  iiitticiiietiiod 
of  coiistnictiii^r  rouda. 

Kvithor  of  those  iiaproasions  is  untitled  t«  any  weight :  thv  eoil  iind 
toil  are  variable,  no  better  nor  wonw  for  nrnds  than  in  other  coiiu- 
1,  the  formations  in  ijfeimml  are  ratiier  nnfavontble  tu  tlrainage,  and 
e  is  iiDthiug  Rivi'et  nor  i>e('nliar  iu  the  methods. 
die  qitnlity  of  the  riuuls  is  uttrihulable  to  good  engin(>enn^,  und  lo 
ft  great  care  and  exat':titude  bestowed  in  alt  the  siiccettsive  oiHM-atioiiH 
lllrtir  constraetioT]  Mid  presen'atiou. 

HISTOiiY  OF  MACADAMIZED  ROADS, 
e  earlier  stone  roads  iu  France  were  formed  of  horizontal  beds  of 
t  stones  rovere<l  with  broken  Btoue»,  large  below  and  Hnialler  above. 
8  and  repairs  were  made  at  that  itexiiKl  luider  the  tViubil  Ky:«t«fii] 
t  oorv^Ji,  and  the  neceiwity  of  great  thielniess  of  stom^-i-ruHturosu  from 
B  infn-<iuenry  of  it^paini,  which  occurred  but  twice  a  year. 
la  ITUI,  the  corvties  going  out  of  use,  TnSsaguet  introdnt:<.t|  changes, 
diiuiiiiHhed  the  tbiekueas  of  the  (■nist,  disL'arded  the  flat  stoiips.  except 
on  marshy  and  flat  ground,  where  they  are  sHU  used,  and  hub^itituted 
^fe  ft  bottoiti,  blocks  of  the  form  of  ancient  paving  stoiiex,  piicked  on  a 
^■d  sUghtlj'  aitihcd  to  cori'CAiHind  with  the  fonn  of  (lie  surlaciv    (Sv*> 
Km  IV,  Fig.  2.) 

^RnUs  method  was  followed  until  the  early  part  of  the  prew-nt  century, 
^Ben,  in  the  eoustnietion  of  the  "  Siniplon,''  the  large  stones  of  TrC'sa- 
^BeC  vem  in  turn  disoardeil,  and  the  eriutt  of  .iinall  broken  8tones  was 
^Bd  directly  on  tlie  ground. 

^UU  ldl<l-'1!t  Ihe  !iur('e.-<N  of  Macadam,  iu  England,  resulted  iuuttnchlng 
^^m  uatMUs  to  the  ^ytdt^ni  of  rowl-mukiug  alrciuly  iu  use  in  i-'nince.    Many 
^B  his  pm;eptif  are  pnived  by  exjHTieucH  to  be  gwK),  but  bis  theory  at 
^Bds c»ntuint<il  errors:  thus,  it  van  the  pnu-tice  of  Macjidum  t^i  dianv 
^^bd  the  nature  of  the  soil  and  to  lay  the  road  crUHt  ilin-rtly  n]tau  tliu 
^Hmul.    Xevei-UietesH,  to  the  enej-gy  of  Maoadam,  and  (he  interest  ha 
^Bldwiied,  111*0  due  great  tJMpi-oveuient«  ia  the  nouU  of  Knghiijd. 
^^BAoUier  English  strhool  soon  aiiNte,  at  tlie  IhmuI  of  whieli  was Tvlfordi .  , 
^Howlvocated  a  return  to  tbe  sjTitvm  of  stouc  |»uvumeut  at  llie  UMa^m 
^Hjg.  Ik)    lie  brought  furwanl  many  good  ideiut,  and  bis  uictluid  is  |^H 
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adapted  to  soft  and  wet  ground,  and  is  still  much  used,  but  it  has  the 
great  objection  that  the  surface  is  formed  of  rough  broken  stones,  left  to 
be  woni  and  packed  and  the  surface  made  smooth  by  use,  which  aug- 
ments the  resistance  to  movement  and  makes  a  rough,  disagreeable  road 
during  half  the  period  of  its  existence,  as  may  be  frequently  seen  in 
England. 

The  theory  of  Macadam,  as  gathered  from  his  writings,  implies  that 
perfection  of  road  consists  in  imperviousness  to  water  and  smoothness 
of  surface. 

Both  these  propositions  are  defective.  The  surface  may  be  smooth,  as 
very  frequently  occurs,  but  elastic,  which  requires  an  increase  of  trac- 
tive power,  and  renders  the  road  heavy  and  bad.  The  necessity  of  im- 
perviousness is  disproved  by  experience.  Many  excellent  roads  are  per- 
meable in  a  high  degree.  When  the  subsoil  is  not  readily  softened  by 
water,  or  when  the  crust  of  the  road  is  provided  with  transverse  pas- 
sages for  the  quick  discharge  of  water,  permeability  is  not  an  object. 

ESSENTIAL  QUALITIES  OF  KOADS. 

The  characteristics  of  good  roads  are :  foundations  adapted  to  the 
nature  of  the  soil ;  drainage  neither  too  quick  nor  too  slow ;  hardness 
and  solidity  of  crust,  and  smoothness  of  surface. 

The  first  two  propositions  are  self-evident.  The  importiiiice  of  the 
third  and  fourth  is  easily  seen ;  for  the  external  wear  of  roads  produced 
by  friction  and  pressure  will  be  diminished  by  a  smooth  and  hard  sur- 
face, and  the  internal  wear,  which  is  greater  still  and  arises  from  the  fric- 
tion of  the  stones  against  each  other,  will  be  small  when  the  stones  are 
packed  so  as  to  be  solid  and  immovable. 

MateriaU, — ^The  crust  of  the  road  is  constructed  of  two  parts,  a  sub- 
stratum of  broken  stones  and  a  surface  of  detritus  and  broken  stones 
mixed. 

Detritm. — Detritus  is  spread  on  the  broken  stones  as  soon  as  laid,  and 
rolled  in  to  fill  the  interstices  of  the  surface,  making  it  compact  and 
smooth.  Coarse  clean  sand,  or  silicious  mud,  from  the  wear  of  neigh- 
boring roads,  is  used  for  detritus,  but  the  debris  of  stone  quarries  is  bet- 
ter, and  when  none  of  these  can  be  obtained,  soft  stone  may  be  used. 
Clay  should  be  rejected ;  it  adheres  when  wet  to  wheels,  and  tears  up 
and  carries  oft'  the  surface ;  chalk  is  only  good  in  summer,  in  winter  it 
splits  with  Irost  and  disintegrates  the  crust. 

The  proi>ortion  of  detiitus  to  be  added  to  the  broken  stone  varies  with 
the  nature  of  the  stone,  and  should  be  determined  by  experience,  but 
seldom  exc^eeds  10  i)er  cent. 

Stone, — Tlie  stone  most  preferred  is  a  question  of  first  cost  as  well  as 
of  quality  and  durability,  and  is  generally  determined  by  locality  of 
deposits  and  facility  of  obtaining  a  supply. 

But  there  are  differences  in  the  expense  of  quarrying  and  breaking, 
and  great  differences  in  the  wear.  Hardness  is  an  essential  quality; 
alsoy  stones  which  present  a  rounded  fNm  are  not  easily  compacted 


■flther,  and  Mil-  iidditioii  of  detritus  IxM-oines  nf<ciut)iar>'  to  thc^  imUiiity 

ttlie  road-ernst:  whilst  niigiitar  stoiiea  arp  miicli  jireferablp,  ao  tliev 

bo  cmiatJtntA  of  lliomMvfti  n  M^IC-suMltiiujiig  f  nist. 

urmim)  Pans  and  in  tlic  north  of  Franru  n  Kitffivit  uf  milliitOHr  grit  is 

Bat  iunhI  and  is  };<>ud  wht^ii  nut  porous  or  vitn-oun:  it  iK  i-lit)M>n  while, 

Bi  iHKHHiitit  littlu  with  i-hlorotiydric  iu;id,  luid  wuifrhH  1.0.  wat«r  liping  1. 

BBnut  noe  ih  aJno  made  ol'  the  oihIuIcw  of  Jliul  wbic^h  abonnd  in  rbalk 

■dfl  ntid  ant  readily  i4t>|tanil<il  I'nini  tli<>  (toil  by  sin^ng.     Bat  ^Ik^x, 

prever  bard,  is  fiiHjiu'ntl.v  brittle,  and  tht^sf  tlint>4  cniRli  caj<i1y  Mid 

pri  up  raiiidly,  and  »n.i  only  iisod  iH^-anxo  tlit>y  art^  at  hand  and  oout 

m  at  first  than  iH-ttvr  Mtonctv 

EvntNi'c  unit  ffmnitie  porphyry  Imve  <)ft(.'u  a  t^ndoncy  to  d4<(M>m|>uM-  by 

to  action  of  tbp  air,  and  tlifn  give  poor  results. 

pBoMif.  trap,  and  porphyry  aw  the  host  matx^Hala  for  wear.    These  prx'JtR 

Bch  apgwar  to  have  once  l>w>n  Kiibjorlvil  (o  a  ivanplete  fusion,  wilbont 

■  Titriticatiori,  art-  not  hrittlu  like  silcx  or  liyalinu  quartx,  and  do  not 
■mhic  like  ((iiartKit*?. 

mhntever  the  kind  of  stone,  it  abonid  be  broken  intu  tVu^nenlA  that 
p  pans  in  yvery  diriH-tion  timiugb  a  ring  of  JJ  inebea  internal  diameter; 
BBvd^  for  smootli  rosulH  adapt^nl  to  light  tmifie  like  the  Iwitlevards  anil 
■niUMi  of  Paris,  smaller  Ktones  are  used  not  exceetiing  1^  to  11}  incben 
KaoKter. 

Kii&nnity  of  aize  is  very  ini{>ortaiit',  and  naialler  sttjnes  should  N- 
■HUtled;  tliu  stonc-s  should  bo  clean  and  free  from  dirt,  the  intermix- 
M  of  whicb  below  expands  with  frost  and  moisture  and  caiiseN  disag- 
Hatiou  of  the  cruNi. 

Die  eost  of  niiu-ailiuaised  roads  laity  be  greatly  reilnced  by  tbe  lute  of 
Ike's  rock- breaking  tuiH'hine,  wbieh  wa-s  invenlod  for  the  pmimsc'  of 
Kiaring  hard  Irajt-nick  for  road -melal,  ThiK  anH-liine  will  brejtk  LM) 
oie yanls  of  tnipi-ork  in  24  boars.  The  fhigniunls  paek  better  an<l 
bier  than  those  of  Mtone  bn»keu  by  band. 

rOXSTltlTTIOS. 
JRie  lllie  of  diifetioa  lieiiig  wttletl,  and  tbe  degre<-  of  airelivities  deh-r- 
■mI,  Uie  grading  begioK  and  the  nide  dil^'hei^  are  cut. 
wrofile, — Figs.  I,  ~.  ■'(,  I'late  IV,  an-  ty|M'H  often  met  with  in  the  nuidn 
[Vramw  ei>nKtr»cte<l  prcvitais  {u  the  pn-seiit  eeiitury.     They  an*  ojien 
■lyDCtions  imsing  ft-om  tbe  formation  of  mud  oti  tbe  Kideways  wbieh 

■  made  of  the  soil,  and  too  great  eonvexity  of  Hiirt'aee  in  Figs.  I  and  'if 
\  tlie  too  great  wa^b  on  the  single  Klo|>e  of  Fig.  .'1. 

Hg8.  4  iiml  Tt  |in'»enr  the  iniililes  iiHanlly  u<lo[>teil  in  Knglnnd. 
■y  are  iniu-li  ttetter  tbun  the  i>n-veding:  the  whole  width  of  Kurfai'e  is 
fciiliinHii  il ,  the  eonvexity  is  le«is  and  a  sidewalk  or  im  embankment 
BrabM  the  roadway  from  the  diteb. 

wkb  imiiroventeiitii  above  nuti<;ed  bare  Iteeu  iwlopted  in  I-'Vance.     Fig. 
HMDnlK  the  pnifllc  gt^nerally  iioeil  in  tbe  nuitern  wetlon  of  the  coo^^f 
K  Tbe  |>n>tlle  in  Fig.  7  is  Myn  in  thu  rmironM  of  I'arift;  iJieio;  nM^^I 
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are  modiflcations  of  tlie  old  paved  roads,  tlie  paveitieut  being  preserved 
in  place,  and  macadamized  ways  con8truct«d  on  eacli  side,  IJias  giving 
tbree  parallel  lines,  which  is  a  method  well  adapted  to  heavy  uid  light 
traffic  aud  to  greater  or  less  speed. 

But  iu  making  a  new  road  there  is  no  advantage  in  copying  any  of  the 
old  forma  in  preference  to  the  modern  profile,  Fig.  8,  which  is  highly 
approved  by  the  engineers  of  the  Fonts  aud  Chauss^es. 

Admitting  the  width  of  26  feet  3  incbea  to  be  t^uBlcient  for  the  circula- 
tion, the  way  should  be  macadamized  over  itJ^  whole  width,  recei^'ing  a 
crust  10  inches  thick  iu  the  centre,  aud  six  inches  at  tlie  sides,  with  a 
convexity  of  ^,  and  bordered  by  slight  embankments  of  earth  four  or 
five  feet  wide  for  sidewalks. 

The  preceding  relates  to  conntrj-  roa^is;  for  city  roads  an  entire!; 
different  system  of  drainage  is  required.  The  side  ditches  are  suppressed 
and  substituted  by  subterranean  sewers,  into  which  the  gutters  dischu-ge 
the  surface  wash  by  conduits  descending  at  lret|ueut  intervals.  The  fol- 
lowing table  shows  the  measurements  adopted  for  the  boulevards  and 
avenues  of  Paris,  as  regulated  by  the  decree  of  June  5, 1856. 


JHtneimotK  of  boulevards  and  avenues 

of  Paris. 

1 
I 

i 
1 

Bix 

Dr«Miirfd< 

rt-T. 

^iicr^ 

"«" 

it 

II 

mi  t 

II, 

1 

■5 

i- 

^li 

-III 

■3 

J 

J=     -*  - 

1 

1 

1 

m 

|J4n 

J 

III 

lil 

JW. 

FOL 

na. 

Fhl 

r«(. 

r-T 

34.1 

SB.4  U.-KLB 

S 

IB.t)U13.& 

sa.3un.i 

It 

133.3  lo  ixis 

.....^.... . 

HLiiosn.* 

4.9 

131.  S 

S.,1 

33.H 

11.1    1 

m.9 

' 

as 

It 

Coftrexity. — The  least  convexity  of  surface  comjMitible  with  the  free 
flow  of  water  is  best ;  less  wash  and  guttering  result  from  it,  and  vehicles 
are  less  di»iM>sed  to  keep  the  central  line,  cireulHtiug  more  fively  on  all 
l>arts,  aud  producing  a  more  equal  wear  with  less  waste,  requiring  le«s 
rei>airH.  Ancient  roa<ls  have  a  convexity  as  high  as  ^;  subaeqaentl>' 
jfj  was  adopted,  and  at  present  ^^  to  ,J,  is  considered  ample. 

Ditekes. — The  tibject  of  ditches  is  not  to  form  reservoirs,  but  to  effe*?* 
drainage;  many  of  the  old  ditches  are  too  wide;  they  retain  too  mat?'*' 
water,  which  soaks  into  the  road-lied  aud  softens  it  in  summer,  aiv" 
ex|>oaes  it  unnecessarily  to  the  action  of  frost  in  winter. 

Five  feet  in  width  at  the  top  is  sufficient  for  ditches  with  walls  ^^' 
emrth,  and  thre^  fn>t  with  walls  of  stone ;  the  grading  ^ould  be  accoia'C^' 
•nd  io  conformity  witb  uaturol  lines  of  flow  and  drainage. 
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mndatioua. — Endeiitly  fouodatioiis  muKt  1h-  luliipb'd  tn  tlic  natura  nf 
•  BOil.  and  their  fltiifns  iiiiwt  Ik*  d<*UTriiiiii-d  by  the  jndgiat-iit  iif  Uie 
I'liginw-r.  1.  Ill  diiiiip  or  Uhk*  soils,  which  are  sotY  tind  yk'idini;,  tlif 
lif.it  roundel  tixDs  iiiv  of  flat  or  qUiKlr»ii[n>hLr  HtoueM,  Tbtv(t>  Htoiies,  a» 
ntxininicinled  by  Telford,  should  be  set  on  their  broadest  ed(^  leiipth- 
wisf  IMT08H  thi'  road,  tlie  Upper  edge  measuring,  at  moRt,  four  iiiehes; 
th<*y  idtoald  b<?  Meven  inches  deep  iu  the  middle  of  tht<  road,  live  inches 
ilf«p  at  iiiue  fit't  from  tlie  centre,  and  tliree  inches  at  15  feot.  All  thp 
i rri'fm III ri ties  of  the  upper  part  of  this  pavement  arc  t*>  be  broken  off  by 
hatuiners.  and  all  the  intersticeR  to  be  Ulled  witb  ntoiie  ehipN  Hnnly 
e<l  by  hand  with  u  light  hammer,  ITjKm  Ibis  n\»ai}  pavement  the 
MttuinKed  roud  crust  is  laid. 

.  In  irft  un<l  iiiarHliy  ^ruiuid    good    fouiHlatiiinn  may  be  miul«  of 
It  erosseil  at  i^>°  vtitii  intenDe<liut«  layers  of  sund  and  gravvl,  a» 
B  annexed  wixidcuts. 


IlarlionlAl  pi^jwllnn 

.  rhttlky  80II  is  liable  to  itpllt  nnd  rtjH'n  by  frost,  and  rwiuires  to  be 
'•■riaid  with  silieious  uititeriiils  tuiil  «Ir}' earth  to  forma  bed  for  Uie  cnutt. 
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4.  Clay  soils  dissolve  readily  at  the  surface  and  "  slip,"  which  dis- 
places the  whole  crust;  they  require  a  first  layer  of  chalk  well  beaten 
down  and  packed,  or  sand  with  a  little  lime  and  water,  and  if  the  situa- 
tion is  wet  and  bad,  a  coating  of  concrete  may  be  necessary,  ctr  numerous 
transverse  "dry"  stone  drains  under  the  crust. 

5.  But  an  ordinary  firm  soil  (neither  marshy,  clayey,  nor  chalky)  requires 
none  of  these  preparations,  and  may  receive  the  crust  directly  without 
any  intervening  foundation,  which  is  the  system  of  Macadam,  the  system 
of  the  Simplon,  and  the  method  generally  used. 

Laying  aitd  pucking. — ^The  road-bed  being  completed  and  free  from  mud, 
the  broken  stone  is  spread  with  uniformity  and  care,  thicker  in  the  centre, 
thinner  at  the  sides,  in  conformity  with  the  profile  adopted,  the  whole 
mass  intended  to  form  the  crust  being  put  on  at  once  in  a  single  layer. 

Boiling  then  commences  with  an  iron  roller,  five  feet  wide,  weighing 
three  to  seven  tons,  and  requiring  from  six  to  twelve  horses  for  the 
draught. 

The  roUing  commences  at  each  side,  fixing  the  edges  fii*st  and  finish- 
ing in  the  centre;  when  the  roller  has  passexl  four  or  five  times,  the 
detritus  is  spread  over  the  surface  with  the  same  imiformity,  and  watered, 
and  the  rolling  is  resumed  until  the  packing  is  satisfactory,  when  the 
road  is  completed  and  ready  for  use. 

Steam  power  in  place  of  horses  for  rolling  is  now  successfully  adopted, 
and  in  the  great  thoroughfares  of  Paris  the  rolling  is  done  chiefly  in  the 
night,  to  produce  the  least  interruption  possible  to  circulation.  The 
steam  roller  now  used  is  described  more  frdly  on  page  29,  and  figures  of 
it  will  be  found  on  Plate  IV,  Figs.  10,  11,  12. 

REPAIKS. 

With  the  completion  begins  the  destruction  of  roads;  we^r  increases 
detritus,  detritus  increases  wear,  and  both  hasten  decay.  The  secret  of 
preservation  is  not  in  the  making  but  in  the  keeping.  Clean  roads  are 
always  goo<l  roads.  Experience  shows  that  when  the  proportion  of 
detritus  in  the  road-crust  becomes  equal  to  0.35  or  0.45  for  1  volume  of 
stone,  the  road  can  bear  no  more;  at  0.50  it  is  poor,  and  at  0.75  it  is  more 
than  half  ruined. 

Macadamized  roads  must  be  watered  and  swejit  and  scraped  of  mud 
and  dust.  With  this  they  are  the  cheapest  for  country  and  town,  the 
earnest  and  pleasantest  for  men  and  horses,  and  the  best  for  carriages, 
houses,  shops  and  populations;  without  it  they  are  the  dearest,  dirtiest 
and  unhealthiest  of  roads,  for  nothing  is  worse  for  eyes,  stomach  and 
lungs,  than  an  atmosphere  of  powdered  lime,  flint,  granite,  quartz,  &c. 

Railways  derive  support  ftt)m  the  macadams  which  are  the  i)erennial 
sources  of  the  streams  of  internal  commerce,  and  internal  commerce  is 
prosperity  and  ci\ilization. 

The  administration  of  roads  therefore  is  worth  considering,  but  I  need 
give  no  more  than  a  glimpse  of  the  apponitas  Uiat  preserves  the  clean- 
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liness  and  protrnote  the  lODgevity  of  roads.  The  arnui^inEiite  for  this 
ill  France  aiv  very  simple.  Each  road  is  diridwl  into  awtions  irom  two- 
thirds  ta  two  miles  in  length,  callvd  "cantons."  Each  canton  has  a  canton- 
iiier,  and  eacli  third  canton  is  short,  and  has  consequently  two  long  can- 
tons on  each  Kidc.  Tlie  cantonnier  of  the  short  canton  is  called  u  "ch(?f 
caiitoDJucr,"  and  his  dntiea  are  tu  clean  his  own  canton,  »nd  to  sec  that 
the  work  of  his  two  Dcighbors  correHixjuda  with  the  written  register 
they  are  instructed  to  keep. 

The  cantons  on  a  road  or  neighboring  roads  are  grouped  in  districts, 
in  charge  of  engineers  who  make  the  heavier  repairs,  and  oversee  the 
chefs,  as  they  in  turn  overlook  the  eantonniere,  the  inferior  being  always 
eximsed  to  the  unannounced  visits  of  inspection  Iroui  the  suiieriur.  This 
organi7.»tian  of  surveillance  and  accountability  is  graduated  up  to  the 
central  administration  at  the  bead  of  all  the  roads  in  the  ein))ire,  and  is 
keptaliveandqtilckenedby  the  distnbntion  of  a  limited  power,  diunnish- 
iiig  at  every  stage  downward,  of  apjilying  summary  justice,  which  con- 
sists in  a  restri<'t*'d  cutting  down  of  wages  for  neglect  of  duty.  Thus  the 
engineering  required  to  make  good  roads  would  come  to  little  without 
the  organization  to  preserve  tbem. 

Repairs  are  of  two  kinds,  the  constant  and  tlie  periodical. 

Contttmit  rqmirn. — Slight  depressions  of  limits  area  occur  often,  and 
if  neglected  soon  become  deep  and  spoil  the  roaiL  The  "  stitch  in  time" 
maxim  is  the  rule  in  this  case,  especially  on  roads  and  streets  of  great 
traffic  The  depression  is  sprinkled  and  swept,  and  the  snrtace  dug  off 
with  pickiixcs  to  the  depth  of  2J  or  three  inches,  pi-eserving  the  sur- 
rounding wall  or  edges  uniform  and  vertical  The  excavation  is  then 
filled  with  broken  stones  and  20  per  cent,  of  detritus,  which  is  watered 
and  packed  with  baud  pestles  of  25  or  30  jiounds  weight. 

Circulation  is  then  allowed  to  begin.  The  ruts  formed  at  first  are 
smoothed  down  with  the  pestle,  and  the  mldition  of  sand  and  smaller 
stones. 

Periodiml  repairs. — The  i)eriodical  repairs  consist  of  an  entire  renewal 
of  the  surface  at  intervals  of  time  determined  by  the  amount  of  traffic. 

licncwal  should  be  made  before  the  crust  is  so  far  weakened  as  to 
begin  tt>  bi'eak.  When  the  surface  is  reducM  alwut  four  to  live  inches 
it  is  usual  on  well  kept  roads  to  restore  it.  This  work  is  commenced  by 
watering  and  sweeping  clean,  then  digging  and  loosening  the  surt'ate 
with  pickaxes  to  the  depth  of  two  inches,  after  which  the  steps  followed 
in  succession  are  precisely  the  same  as  those  described  for  the  original 
formation  of  the  crust. 

The  periodical  repair  of  streets  and  roatls  of  great  traffic  are  made  in 
sections  of  convenient  length,  lijuiUid  t<i  a  margin  on  one  side  extending 
to  the  central  line  of  the  roiul,  throwing  the  cireulation  to  the  other  side, 
and  when  one  side  is  restored  to  use,  the  other  side  is  commenced. 

Annual  wear. — Tlie  annual  wear  on  diflereiit  roads  may  be  compared 
by  computing  the  wear  jier  HHi  biirsf;s  in  liarness,  passing  over  a  given 
length  of  roiui. 
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In  making  the  estimate  it  should  be  remembered  that  one  cubic  yard 
of  broken  stone  will  be  reduced  by  packing  to  0.71  cubic  yard.  The 
following  table  gives  the  average  result  found  on  various  roads : 

TcAle  shomng  the  annual  wear  upon  various  macadamized  roads  in  France. 


Annaal  consamp> 
tion  of  materials 
p«r  mile  and  per 
100  hones  in  bar- 
neei. 


Cubic  ffordt. 


78.2« 

92.5  Jo 7a  7«. 
115.5* 

82.95« 

889.80' 

109. 2a« 

128. 7^ 

e8.73>« 

105  to  115. 5" 

84»« 

S2.5»« 


Number  of  days'  work  per 
cable  yard. 


1. 20  to  1. 40— average,  L  30> 
1. 27  to  1. 63— average,  1. 45* 

2.51 , 

2.18 

1. 9&-a  23— 4. 54 


Name  of  road. 


Moselle 


Various 

National  road  No.  19 


National  road  No.  33  ... . 

National  road  No.  34 

Departmental  road  No.  2 

Various 

AU  roads 

Streets  of  Paris 


Observer. 


M.  Bardonnaut 

Do. 
M.  Lemasnon. 
M.  Berthand. 
M.  Dupuit 
M.  Bardonnaut 

Do. 
M.  Pamier. 

Do. 

Do. 
M.  Munts. 


'  Imperial  road ;  fatigued ;  middling  limestone.  '  Heavy  traffic  near  Langres. 

*  Departmental  roads.  ■  SUicions  materials. 

*  The  wear  was  not  entirely  replaced.  *  Silloions  materials. 

*  Average  result.  >*Gi>od  limestone. 

*  Results  obtained  in  various  departments.  "  Average. 

'Beyond  Langres.  "This  Is  the  number  on  which  the  public  administration  bases  its  estimates. 

"  This  number  is  the  average  obtained  in  Paris,  and  is  a  safe  basis  for  properly  kept,  and  for  llirht  roads 
traffic. 

Cost  of  repairs. — ^The  average  cost  of  repairs  may  be  analyzed  as  fol- 
low^ : 

Per  oeot 

Cost  of  materials 47.13 

Cost  of  wages : 

Cantonniers 30.24 

Assistants .       8.49 

38.73 

Cost  of  accessory : 

Earthworks,  bridges,  &c 6.80 

Superintendence 2.12 

Sundries 6.22 

14.14 

Total  cost 100.00 

The  average  number  of  days'  work  of  cantonniers  per  linear  mile  of 
road  and  per  year  is  205,  and  of  auxilliaries,  04.  The  average  wages  of 
cantonniers  is  35  cents  per  day,  and  of  assistants,  30  cents. 


The  total  pxix-nsf  of  anniiul  r(>i>airH  on  macmlaniized  niatis  [ht  liiit-fir 
niilp  rarit's  with  traffic,  &c.,  but  averages  as  follows : 

In  lite  (Ii-i>ittliiieiit  uf  iLe  kSeine  tbf  arerage  etwt  u $1,003  20 

In  rlie  de)mrljiK'ut  of  tin-  Seine  and  Martie  tbe  av«mg«  cost  is         510  40 
III  tlie  iU-|»irtuii'iit  of  (111  Xonl  and  du  Iih6n<.'  tht  avemge 

e«wt  is 457  60 

Ui  (Jic  iU-i>artmeiit  of  tli«  Ari^ge  tbe  average  cost  is 158  40 

111  the  department  of  the  Ard^lie  the  nverage  cn«t  is I^  20 

111  thf  »lei)artment  of  the  Piiiistere  iiud  Morbiliaii  the  aver- 

agt!  eo»t  is 105  60 

Bvepj-  year  a  sum  of  ii  to  5  inilUun  of  dollara  ia  set  do«it  in  the  budget 
for  keeping  in  repair  the  macadamized  roads  of  Fraiiee. 

STREETS  OF  PARIS. 

Tbe  ancient  streets  of  Piuib  were  without  sidewalks,  paved  with  large 
squaiv  l>ltH'ki^,  the  gnide  sloping  from  the  sides  to  the  middle,  fonuuig 
a  gtiMrr,  wlii(;b  formed  tbe  central  line  of  tbe  street.  Sidewalks  began 
to  appear  and  tbe  snrfaee  U*  be  reverse*!,  taking  a  eonvejc  form  and  throw- 
ing UlP  glitters  to  eiieh  siile,  abtmt  the  yeur  IH'25. 

In  185:^  the  old  Boidevanls  were  mueiulauiized ;  and  in  1858  this  method 
vaa  improved  for  heavy  trafile  by  introdneing  margins  along  llie  sidea 
tnm  3  to  4  yards  in  width,  formed  of  blocks  of  Belgian  porphyry,  of 
BiitaU  size — siiy  4  inches  by  (ij  by  G^ — which  method  is  ajtproved  and 
eotAoded. 

Streets  of  a«phalt  have  also  taken  considerable  develf>pinen1  in  the  lant 
HlW  years,  and  are  greatly  likecL 

Peotii'e  surfa<;e  of  streets  and  sidewalks  in  Paris  is  now  (1K08)  con- 
laa  follows: 
Sq.  melre..      Bq.  »•;(«. 

ived 4,8«3,(>43 

Alaeadamhied ^,140,005 

Of  asphalt 165,104 

7,195,302 

f  gnmlte 545,930 

Paved 14,024 

Bitumuioua 1,192,4 14 

I,752,:J77 

t  Total  snrfiice  coVered,  (siqnare  metres) 8,947,ti79 

^  Total  Murfaoe  covered  eiiuivalent  to  (square  yaiils).. .     1(),7I>1,416 

STEAM  ROLLER. 
>  nteam  roller,  (Figs.  10, 11,  12,}  invented  by  Bidlaisou  and  made 
by  GUIi-nil  &  (-0,,  has  iM-en  adopted  and  i»  now  in  use  in  Paris. 
"Dun  fonv  in  ti'ansmitte^I  fVom  a  single  engine  to  the  roller  by  means  of 
cb  mesh  with  tH>g-wheel8.    Tbe  uMiveinenl  i.f  Un-  rulW 
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reverses  with  the  reversion  of  the  engine,  moving  forwards  and  back  on 
the  same  line,  and  the  roller  is  adjusted  to  admit  of  convergence  adapted 
to  a  curve  of  14  to  15  yards  radius. 

Principal  dimensions^  weighty  and  results. 


Heating  lurface :   Fire-box,  3.64  square  yards ;  tubes,  30.96  square  yards. 

Total square  yards. . 

Diameter  of  pistons feet. . 

Stroke feet.. 

Diamet«r  of  rollers feet . . 

Width  of  rollers feet . . 

Weight  of  machine  when  empty tons.. 

Average  weight  when  ready  for  work tons . . 

Arerage  speed  per  hour  when  at  work mile.. 

Number  of  mile-tons  per  hour,  or  product  of  weight  of  machine  in  tons  by 

number  of  miles  gone  over  per  hour mile-tons . . 

Pressure  exercised  by  each  roller  per  foot  of  width tons.. 


Type  of  machine. 


No.1. 


No.  2. 


4.91 
4.76 


4.76 
&34 


17.393 
1.1G9 

90.3 
1.820 


27.972 
1.409 

39.2 
2.240 


No.  a 


34.80 
0.76 
1.18 
4.76 
4.91 
19.393 
22.300 
2.083 

40.2 
2.970 


It  has  been  determined  by  numerous  exx)eriments  that  the  number  of 
mile-tons  necessary  for  packing  is  directly  proportionate  to  the  volume 
of  material  to  be  packed,  whether  laid  thicker  or  thinner,  within  the 
range  of  3J  to  10  inches ;  and  when  rightly  conducted,  1\  to  2^  mile-tons 
are  sufficient  for  the  packing  of  one  cubic  yard  of  stone. 

Consequently,  in  a  day  of  twelve  hours,  corresponding  to  10  hours  of 
effective  work,  the  steam  rollers  of  Grellerat  &  Co.  will  pack  i 

Cable  yards  of  stone. 

Type  No.  1 85  to  lU 

Type  No.  2 170  to  216 

Type  No.  3 196  to  25S 

The  advantages  of  steam  rollers  over  rollers  drawn  by  horses  consi^ 
in  economy,  rapidity  of  execution,  excellence  of  work. 

The  cost  of  these  machines  averages  $6,500 ;  the  work  done  is  paid  i^ 
proi>oii:ion  to  the  weight  of  machine  and  distance  overrun.  The  mil-^' 
ton  is  paid  at  the  rate  of  15  cents  by  day,  and  16  cents  by  night. 

HORSE-BROOM. 

Tliis  broom,  lately  introduced  by  Mr.  Tailfer,  is  of  very  simple  c(^^^ 
stniction. 

The  broom  is  5  feet  8  inches  wide,  and  is  placed  obliquely,  to  the  a^^^ 
of  the  cart,  so  that  one  end  is  1^  feet  out  of  line  with  the  other,  a 
sweeps  the  mud  or  dust  to  the  sides  of  the  street,  (Plate  IV,  Fig.  13.) 

A  handle  placed  near  the  driver  allows  him  to  raise  the  broom  fny 
the  ground. 

A  conical  toothed  wheel,  fixed  on  the  axle  of  the  cart,  engages  with 
smaller  toothed  wheel  attached  to  an  intermediate  axis.    An  endless  e 
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commimicates  the  motion  of  this  axis  to  the  axis  of  the  broom,  and  as 
the  cart  moves  the  broom  revolves. 

The  toothed  wheels  can  be  readily  disengaged,  enabling  the  cart  to 
move  without  setting  the  broom  in  motion. 

The  weight  of  the  machine  is  thus  distributed : 

Poands. 

Two  wheels 568 

The  broom 110 

The  endless  chains,  ironwork,  &c 244 

Ordinary  cart  and  shafts 1, 212 

Total  weight 2, 134 


Although  the  width  of  the  broom  is  5  feet  8  inches,  the  band  effectively 
swept  is  only  5  feet  at  each  passage,  as  each  bands  laps  the  preceding. 

By  the  passage  of  these  carts  over  the  whole  width  of  the  street,  the 
mud  or  dust  is  finally  accumulated  in  one  narrow  line  along  the  gutter, 
and  is  then  carried  ofi'  in  carts. 

Eight  of  these  horse-brooms  have  swept  in  1  hour  and  10  minutes  a 
surface  of  road  covering  48,720  yards ;  which  would  have  required  100 
men  to  do  the  same  work  in  the  same  time. 

In  general,  one  of  these  brooms  will  sweep  600  square  yards  i)er  hour, 
working  at  a  cost  of  $0.30  \yer  hour,  wlule  the  work  by  hand  would 
employ  13  men  at  6  cents  or  $0.78  per  hour.  . 

The  above  cost  of  $0.30  may  be  thus  divided : 

Interest  of  horse-broom,  costing  $400,  at  6  per  cent,  per  day $0. 066 

Sinking  fund,  i)er  day 0. 133 

Han  and  horse 2. 000 

Annual  repairs  of  horse-broom  $60,  gives  i>er  day 0. 166 

Bepairs  of  broom 0. 600 


• 


Total  expense  per  day  of  10  hours 2. 965 

Or  per  hour 0. 30 


I       I 
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CHAPTER  I. 

IRCHITECTURAL  DESIGNS  AND  MODELS— BUILD- 
INGS IN  THE  PARK. 


P^WABDS  IN  CLMm  Fl 


I  nOM— iNWRVcnoN  i)v  ABciiiTBct*— Atwr 

— PRRSEMT  STITB  O 
LOINltM    IN    TIIB    PAKK— iNTKHItflTIX) 

tan's  i-AviLios— Pjiviuij!(  ok  thr  E«i'hbs»— Ciuuct  op  tiuc  C^immuhhixkh 

tAt^-TuKTi;UKtSIIU<MK)t'K— TllKSVLTA.\'8KiO|l<l(.'K — THKEvVPTtUI  «. 

— Thx  PAi^cE  liiF  Tim  liKT  ov  Trsis— Tub  Ri'ssun  «ii»— Thk  Rvxeux  « 

IVABLK  COITAGK— lIlB  BCILIilXUS  OF  8WRDBN  AKD  NORWAY— THE  EKO- 

auk— TiiE  Swiss  chaijit— Thk  trmpi.e  ov  Xothicalco— TmC  Bocmasur 

:H— JAPAXKBK  ASn  CIIIKI!»B  BITU-DSiOrt. 

INTKODCCTORV. 

'  The  duty  nf  rciKirting  iii>ou  buildings  and  building  iiiaU'riui!<  Imvinii 
devolved  upon  ihe  uoderei^ed,  his  attention  Uhs  bi't-n  diret-twl  cliiclly 
tii  tlliijw  !t;t,  "  Buildings  elinnicterized  by  their  chein»ut'ss  eouititui-d  with 
the  conditions  necesstirj'  for  heulth  and  comfort,^  and  to  Uiuih<  inalvi'ialx 
aDd  mi'thoils  of  coiistructiuu  which  by  thi'ir  Itoanty,  novelty,  or  cbea|i- 
netw  iiji]>eared  worthy  of  si>et^!ial  mention.  Considt^mblv  ultciiltou  wuk 
given  tu  the  uffurt^  which  hnve  Imm^u  mule  abroa<l  to  provide  the  work- 
[  daeaes  with  chiuip  and  conifortnblt;  hoiucs,  pnrllciilarly  ns,  through 
9  writer's  connection  with  the  building  known  as  the  illiuois  cottaire 
^Ameriean  farmer's  home,  he  was  much  inti'reuted  in  &san]iuing  and 
nporing  the  relative  merit-s  of  the  various  linihlings  exhibited  by  the 
Kietit-'K  organizi'd  for  the  alx)\'e-nanicd  purpo.-w. 

t  tuM  uhM)  \m.-vii  deuuied  pro|>er  to  notice  many  of  the  most  iiilcrestiug 
lilclings  in  the  park,  es[K«eially  an  they  were  to  a  certain  extent  (yjiej* 
t  different  national  styles  of  archite<'tun>,  or  of  modes  of  eonstrni-lion, 
a  they  derive  a^lditional  iutereft  and  value  by  aiwociation.     nuihl- 
<t  inseparably  conneeteti  with  an-liirecture  that  it  »eeniMl  hitnlly 
I  tucouipleU-  ihit  report  wilhonlsoiiieri'fcrence  to  Clasw  4  tiroup  I, 
diiteetural  Ueaignit  uud  Mo«leU,''  which  by  the  claMilieation  wui 
tug    the   fine  arti*,  with   iMiinting,  M.-nlptun!,  drawing,  and 
ring.    Bat  a»  It  smm  beyond  the  HCo|ie  of  the  reirartei'a  expectations 
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to  discuss  architecture  as  an  art,  or  to  describe  the  very  interesting  and 
instructive  exhibits  in  that  class,  he  presents  only  a  brief  notice,  compiled 
chiefly  from  the  reports  by  able  masters  of  the  subject,  which  have 
recently  appeared  in  the  reports  of  the  international  jury  and  the  current 
publications  upon  the  subject  at  the  time  of  the  exhibition.  Throaghoat 
the  report,  also,  free  use  has  been  made  of  all  accessible  sources  of 
valuable  information  uj)on  this  department  of  the  exhibition. 

ARGHITECTDTIAL  DESIGII^S  AND  MODELS.    • 

The  exhi\)ition  in  this  class  was  confined  entirely  to  designs  and  small 
models  of  buildings,  and  details  of  building,  and  although  in  many 
respects  very  full  and  complete,  it  furnished  to  the  public  but  an  inade- 
quate idea  of  the  present  state  of  architecture  or  of  the  genius  of  the  archi- 
tects whose  designs  and  models  were  displayed.  It  is  very  justly  observed 
byChesneau  substantially  as  follows:  "  The  public  is  more  interested  in 
the  realization  of  the  designs  than  in  the  designs  themselves.  The  public 
square  or  the  street  is  the  true  place  of  exhibition  for  the  architect,  where 
the  finished  work  can  be  se^n  and  its  merits  or  defects  exposed  to  criti- 
cism. To  the  critic,  however,  designs  afford  the  readiest  and  easiest 
method  of  determining  artistic  merit,  and  of  judging  equitably  in  a  com- 
petitive exliibition.  The  possession  of  a  cultivated  taste,  the  ability  to 
produce  grand  effects,  to  design  in  good  architectural  proportions,  and 
to  show  originality  in  details  and  ornament,  are  not  now  all  that  is 
required  of  the  architect.  He  must  be  able  to  guarantee  the  strength 
and  stability  of  his  work  when  finished,  and  to  construct  in  such  a  man- 
ner that  his  buildings  may  be  most  effectively  veiitilated,  warmed,  and 
lighted,  and  be  perfectly  ada])ted  to  the  purposes  for  which  they  are 
intended.  Under  these  circumstances  plans  and  designs  alone  can  show, 
and  only  to  competent  judges,  the  amount  of  knowledge  which  the  archi- 
tect possesses,  the  readiness  with  which  he  makes  use  of  it,  and  the 
value  of  the  resources  wliicli  science  has  given  him  to  accomplish  the 
tiisks  which  he  undertakes." 

The  number  of  exhibitors  in  Class  4  was  very  large.  France  alone 
had  fifty  exhibitors,  each  one  displaying  a  great  number  of  designs ; 
England,  including  photographs  of  designs,  had  seventy-seven ;  Austria, 
eighteen;  Russia,  Belgium,  and  Switzerland,  each  twelve;  Spain  six; 
Italy  seven ;  Greece  and  Portugal,  each  two.  There  were  no  entries  in 
the  catalogue  of  exhibitors  in  this  class  from  the  United  States.  The 
buildings  displayed  were  included  in  Class  93. 

Tlie  exhibition  of  French  designs  may  be  divided  into  throe  groups  or 
classes,  according  to  the  subjects  represented:  1.  Drawings  represent- 
ing restorations  of  cla^ssic  monuments  and  buildings  of  anticpiity.  2.  Illus- 
trations of  French  medieval  art  as  it  exists  to-day.  3.  Designs  and 
plans  by  living  architects. 

The  exhibition  in  the  first  division  is  due  entirely  to  the  direction  exer- 


eiwil  by  tbe  go\('rQiiifiit  in  the  education  «f  arcliitecti*.  The  atmly  ct 
tin-  uiuiiiiuii'iitii  of  iiiiti<iiiit.v  I'orniH  an  importaiil  anil  nwpssary  pnrt  <tf 
tlioir  wlnt'iition.  and  u  ciTtain  number  of  jinpilM  an-  yciwij'  spnt  to  Growf, 
fljily.iind  otlipr  pls^cex  to  iimlfc  (lniwiii;f«  ot'  tin-  niiiiM  llii-mwlvfs.  Tin- 
(iucc<^^  witli  wliidi  lliii^  i>Uui  uf  instracliori  liim  Ui-n  ulti-ndvd  ia  xliuwti 
hy  tim  benntifiil  diiiwinf^s  imd  rt-Kturatious  t>r  tlip  rains  At  Uorne,  Tivoli. 
VumiM-ii,  Ancyrs,  Ilcliupolis,  and  Atlienti,  by  51M.  Ancelet,  Baudray, 
Tlit'iTy,  and  otbors,  which  are  executed  with  accuracy  and  precitiinri  otid 
(tliow  a  thuroiigh  trndL-rstimding  and  knowlt-dgi'  nt  the  subjects  treal«d. 

Thi-  imiitirtautitf  of  such  studies  cannot  be  (on  liigldy  estimated.  It  is 
3i»«>uiai'y  for  tho  yonng  arcliit«ct  to  devote  lutiuy  uioutlut,  Komotimris 
»loue,  among  the  luins  wliich  are  to  iwsuuic  their  oiiciout  form  and 
.jpundeur  undi-r  his  [K-ncii.  A  longer  time  must  tben  be  given  to  the 
completion  of  the  dniwingH,  and  to  achieve  success  tbe  subject,  what  - 
*\'er  it  may  be,  must  be  carefully  selec^ted  and  elaborated  with  iiereevej. 
■  aiui  diligence.    The  study,  too,  of  the  ancient  forms  of  coiistiuc- 

n,  and  their  uses,  cannot  fait  to  render  the  architt^t  more  eonii>eIeut 

il  eiBeienI  in  bis  art. 

Tbe  second  <liviaion,  consisting  of  illustratious  of  medieval  ari'hitec- 

re,  bad  it>s  origin  in  the  ivcent  endeavors  which  liavc  been  made,  under 
tJto  direction  of  the  secretary  of  stat«>,  U>  preserve  the  ancient  menu 
tneiitfl  and  buildings  in  different  {Hirtions  of  France  which  an« couneiittMl 
iritbttie  historyoftlnit  country,  and  which  are  rapidly  falling  into  det^ay. 
A.  large  number  of  designs  and  drawings  was  e^bibit^;  the  ttul\jecti< 
frere  clamiKed  under  the  head  of  religious  monuments,  and  militarj'  und 
idvil  arcbitccturc.  The  illustratiuuii  and  dntwiugs  wei-c,  as  a  whole,  of  a 
)ugh  unler,  and  wen-  faithfully  and  curefnlly  executed.  The  third  divi- 
itMi  cousistcil  of  pluiis  by  living  architects  of  works  propoMil  or 
trectml  by  them.  Among  those  tuv  to  be  iis{H.wiuny  uotieed  the  designs 
by  M.  Cbanvin,  of  the  Concert  Hull  of  the  Im|>eriul  Conservatory,  the 
'  >v(Hii(i<in  of  wbich.  in  the  Ponit>oian  style,  was  finely  conceiveil  and 
BjwoaGed.  The  works  of  M.  Questel  deserve  liigh  commendation,  as  do 
tlioMj  of  MM.  £Inot,  Liunikire,  and   ^ormand.    The  I'omjieian  house. 

KleA  by  the  last-named  gentleman  for  Prince  XapofeDU,  is  a  most  |ht- 
Ibet  K|ir»duction,  ant)  a4lhered  to  the  original  ty|>e  in  et-ery  imrticiilur. 

The  uountriex  of  Aiistriu,  England,  Italy,  Uolland,  Switzerland,  I'rus- 
Bia,  Uiissiu,  Norway,  IMgium,  and  Spain  wen-  representtrd.  Among 
llieac  Austria  deserves  cst>ecial  nutic«>;  ihe  disphiy  of  designs  twiug 
r  ridi,  and  some  of  them  possessing  very  great  merit. 

Hr.  Ferslel  exhiliiteil  a  model  and  plans  of  a  Uothic  cbun^h  recently 
|raDt«d  at  Vienna.  The  academy  at  Pesth,  eiw'led  by  the  wime  arcbi- 
:,  is  also  a  tine  design,  while  the  palmare  of  the  grand  duke  in  Vienna 
Mtiiws  vith  what  admirubic  success  he  c^n  handle  Italian  archltMlu 

The  RnKlirib  display  consisted  of  designs  by  the  bt-sl  Knglisli  mvlii- 
liTtH.  nnd    itii'hided  s|)eciiuens  of  e<u;lt>fliaHtical  anbitwliin-,  i 
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institutions,  commercial  architecture,  and  of  buildings  erected  both  in 
England  and  her  colonies. 

There  was  nothing  very  remarkable  in  the  exhibitions  from  other 
countries,  although  many  of  them  were  very  creditable  to  the  architeetK 
by  whom  they  were  designed. 

AWARDS  IN  CLASS  FOUR. 

The  awards  of  Class  4  consisted  of  four  grades :  grand  prizes,  first 
prizes,  second  prizes,  and  third  prizes,  corre8i>onding  to  those  given  to 
painters  and  sculptors.  The  architectural  displays  in  the  park  were 
Iu>r8  concourSj  but  the  exhibitions  of  buildings  characterized  by  cheap- 
ness and  other  advantages  (class  93)  received  medals  of  gold,  sUver, 
and  bronze,  the  Emperor  himself  receiving  a  grand  prize  for  workmen's 
houses. 

Only  three  grand  prizes  were  given  in  class  4 :  One  to  Ancelet  of 
France,  one  to  Ferstel  of  Austria,  and  one  to  Waterhouse  of  Great 
Britain.  The  first  prize  conferred  on  M.  Ancelet  w^as  for  his  restoration 
of  the  via  appia^  a  remarkable  w^ork,  and  a  tnie  creation,  since  nothing 
remains  to  suggest  the  ancient  form  to  the  artist  but  huge  and  almost 
shapeless  masses  of  masonry.  The  prize  to  Mr.  Ferstel  was  for  the 
designs  of  the  church,  academy,  and  palace,  which  have  been  referreil  to. 

Of  the  twenty-three  prizes  awarded  by  the  jury,  France  received 
twelve ;  Great  Britain  four,  one  of  which  was  the  grand  prize  to  Water- 
house  ;  Austria  three,  one  of  which  was  a  grand  prize ;  Prussia  one ; 
and  Belgium  and  Switzerland,  each  one.  Among  the  twelve  French 
prizes,  nine  were  for  i)lans  for  restoring  ancient  monuments,  and  four 
only  (one  of  the  exhibitors  having  sent  at  the  same  time  an  original 
plan  and  a  plan  for  a  restoration)  for  original  designs.  The  eleven  prizes 
contributed  to  exhibitors  other  than  French  were  all  for  original  plans. 
This  want  of  originality  in  French  designs  displayed  at  the  Exi)Osition 
cannot  be  taken  as  an  evidence  of  the  inferiority  of  French  architects, 
while  such  buildings  as  the  market-house,  the  new  opera-house,  and  the 
church  of  the  Trinity  and  other  new  buildings,  attest  the  high  order  of 
tlieir  architectural  abilit^\  It  is  explained  rather  by  the  fact  that  the 
most  eminent  architects  have  not  the  time  to  prepjire  designs,  and  that 
those  exhibited  were  for  the  most  part  by  young  men,  and  are  the  natu- 
ral results  of  the  study  of  the  ancient  models  which  forms  so  large  a 
part  of  their  education. 

The  English  reviewers  of  the  architectural  displays  of  the  £xx)osition 
admit  the  great  superiority  of  the  French  drawings  over  the  English. 
The  methods  adopted  by  the  two  countries  are  very  ditt'erent.  The 
English  designs,  after  those  of  the  French,  seem  like  miniatures,  and  are 
tilled  up  with  water  color  drawings,  with  bright  foliage,  clear  skies,  and 
figures  in  the  foreground,  to  bring  forwanl  the  i)er8iH^ctive  and  render 
the  picture  more  complete.  The  French,  on  the  other  hand,  make  use 
of  geometric  drawings  on  a  large  scale,  to  convey  to  the  ob8er\'er  the 
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iiifu  of'tlu-iic'tuul  aretiit(«-tiin>au<liT>iiii>oHit.i(in  of  llie  Iniililiiig.  Tlielovi- 
lor  rolur  ami  tlm  cnrichDieut  olttained  by  intitxluciii);  buuitui  tlxures  in 
espn-KMHl  in  the  elaboration  of  'the  flo»igu  iu»t<-ud  of  Iteiiiff  thrown 
away,  architectni-ally  ^iieakirij;,  oh  tin?  laiidiwRiK)  of  tlni  |iictun.>. 

The  drawiiigti  of  Ibe  inttTiurti  of  buildingK,  I'xbibited  bj  Home  of  the 
FriMicU  ai-vliitei>tH,  arv  apt  illiistrationa  of  this  {wint,  which,  though  a« 
pivtnres  tht'y  could  not  he  i^^iripared  to  many  of  the  diawingH  in  the 
EiigliHli  depurtntcQt,  aa  arvhitectural  tromiKisitions,  contailiiug  elnlMiitle 
decoration  and  coloring,  were  vastly  anperior. 

It  is  interesting  also  to  note  the  difl'oi-eiice  in  the  styk's  of  the  diu wings 
exhibited  by  tiie  two  nations.  There  was  seaiwly  a  design  in  the 
English  depiirtment  wortliy  of  attention  where  th*  author  bad  iittenipled 
ItJiIian  or  renaissance  treatment,  and  the  same  may  be  said  of  the 
French  department  in  regard  to  gothio  archileetnre,  WHille  the  Knglixli 
have  settled  njinn  the  gothic,  tttyle  tw  the  one  adapted  for  targe  buildings. 
()U4  the  I'arliament  house  and  the  dcKign  for  the  new  law  eourts  hIiow.) 
the  Freueh  apiR-Mr  to  have  discarded  it  as  a  style  which  hiut  reaehe<l  its 

Bduvelopuient,  and  in  the  study  of  whieh  no  t^rther  advance  <-an  lie 
le  designs  sent  hy  Great  Brihiin,  though  they  were  rather  waler- 
<oIor  dru\nng»t  tlian  architectural  plans,  nevvrthctejjJi  jioHsesM^d  great 
merit  and  evinced  great  talent  in  their  authors.  They  were  all  remarkable, 
anii  the  [KHtrest  poHsi'ssed  great  iMuiuty.  M.  Charles  Gamier,  the  aivhi- 
tect  of  the  new  opera  house  in  I'aris,  aftar  referring  to  the  mon-  striking 
features  of  this  display  iiums  up  by  saying  that,  though  the  ab^ene«  of 
plans  and  geometrical  dniwings  is  to  be  regretted,  and  tliough  the  arehi- 
tt-cture  of  Great  Britain  is  repn^wmted  by  water-color  sketches  and  per- 
sixrctives.  one  is  forced  to  acknowledge  that  this  (ulleetiou  diHut  the 
^"eatcst  honor  to  the  artists  who  have  contributed  to  it. 

KB  present  state  of  architecture  and  the  an^hite<;tural  taste  of  diB'er- 
atlans  of  Knroi>e  is  concisely  epitomized  by  l*rof««wor  Donaldson  in 
Bport  on  the  aivhiteetui'al  designs  and  models  of  the  KxiMisition, 
18  generalizations  in  matters  of  art,  [wrliaps  more  than  on  any  other 
Kulycct.  art!  valuable,  only  when  made  by  one  who  has  pnrsuetl  it  as  a 
profcMHion  or  ax  a  recn-ation  it  hsis  l)eeii  thought  Bil\'i»able  to  present  in 
this  report  his  eonehisions.' 

"  It  is  a  reinarkable  luciuustAnce  that  in  France,  and  moHt  of  the  eon- 
lincntMl  wliools  cMfjii  I  111-  Austrian,  gothic  ai-eliit<i;tui-i'  sei'mn  to  he, 
.::iored  for  modern  hnildings,  unless  for  some  churches;  and  (with  the 
, me  reservation  of  Austria)  the  princiides  of  that  style  are  not  thor- 
'••^hiy  understood,  and,  cousetpiently,  the  treatment  of  the  parts 
i  an  absence  of  knowledge  of  the  principles  which  directed  the 
Plcval  artist.  Vwy  friMiueiilly,  in  northern  Geriiiimy  luul  in  France, 
e  lit  tu  the  mmlerfi  architecture  a  vagueness  of  i<lel^  and  an  atteinpt 

■  llnliiih  ri-|HiTt«  i>ii  tlic  Porf*  L'uivvruil  F.kihmIiIuu,  to),  i),  p.  ttt. 
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to  i)ro<luce  novelty;  but,  then,  in  the  former  it  is  an  adoption  of  the  Lom- 
bard or  Byzantine  as  a  basis ;  in  France  tlie  classic  leading  features,  as 
cornices,  strings,  and  dr(*.ssings,  are  pared  down,  and  there  is  introduced 
a  profusion  of  Horid  decoration,,  and  a  coqueting  with  the  pa«t  times  of 
the  country,  still  with  grac^efulness  of  composition.  In  England  gothic 
architectui-e  has  assumed,  under  clerical  influences,  possession  of  the 
churches  and  of  the  ecclesiastical  buildings  connected  therewith,  such  as 
the  parsonage  house  and  the  schools;  and  in  provincial  towns,  from  a 
certain  reverence  for  tradition,  frequently  with  the  town  halls.  The 
commercial  architecture  of  Paris  and  London  is  generallj^  Italian,  modi- 
tied  according  to  the  tastes  of  the  people;  rarely,  if  ever,  gothic.  Stilly  it 
will  be  observed  that  there  are  noble  conceptions  of  noble-minded  men 
in  this  collection,  whose  idea^  cannot  be  fully  apprexjiated  by  drawings 
alone ;  for  it  is  only  in  the  building  itself,  when  cjirried  eut,  that  all  the 
capacity  of  the  architect  for  his  work  can  be  thoroughly  realized.  Henoe 
the  reluctance  of  maii,v  able  men  to  imperil  their  hard-earned  reputations 
by  mere  drawings,  in  which  so  much  depends  upon  the  technical  skill 
of  the  draughtsman. 

"All  these  circumstances  in  modern  architecture  are  evidenced  in  the 
French  International  Exhibition;  and  the  result  shows  an  unsettled 
state  of  thought  and  intent  throughout  Europe;  a  transition,  but  to 
what  end  or  purpose  it  is  impossible  to  say.  Whole  nations  and  states 
have  recently  hiul  their  political  transitions,  and  apparently  most  con- 
tinue to  have  them.  These  may  be  riUed  and  decided  by  some  deter- 
mined self-will  and  resolute  mind  of  a  sovereign  or  his  minister.  But 
there  is  no  such  dominant  physical  power  to  direct  the  intellect  of  art, 
and  unfortunately,  under  capricious  influences,  the  pure  seems  to  yield 
to  the  fantastic,  and  the  sound,  well  informed,  and  well  direct^  frame 
of  mind  is  thrown  upon  the  wild  waves  of  the  rage  for  novelty.'' 

BUILDINGS  IN  THE  PARK. 

As  a  feature  of  the  architectural  display  of  the  Exposition,  although 
not  entering  into  competition  for  prizes,  the  buildings  in  the  park  deserve 
no  small  part  of  our  attention.  To  the  mere  observer  the  exhibition 
could  not  fail  to  be  attractive  and  intei'esting,  while  to  the  architect  a 
rare  opportunity  was  afforded  of  studying  and  comparing  the  existing 
types  of  national  architecture  by  buildings  which  were  the  exact  models 
and  representations  of  the  most  i)erfect  s])ecimens  of  their  kiiul.  Here, 
within  the  same  inclosure,  in  nmny  instances  standing  side  by  side, 
were  to  l>e  seen  the  gra(»eful  and  brilliant  buildings  of  the  eiist,  the 
rough  log  dwellings  of  noitheni  Eui-oih^,  the  gothic  chuwJi,  the  archi- 
tecture of  modern  Euroi)e,  and  the  monuments  and  temples  of  antiquity. 

Some  of  the  most  striking  and  remarkable  of  these  buildings  will  be 
briefly  noticed.  Owing  to  the  peculiar  conditions  under  which  they 
were  erected,  and  their  ephemeral  character,  in  most  cases  the  full  details 
of  construction,  cost  of  materials,  and  of  the  completed  building,  though 
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mil  nriiiili-ri.-stiiitr.  iirc*  perhaps  withimt  muoli  praflu-iil  valiip.  Tln-y 
all-  iiiJ*triiftivt>  L'hieliy  hi  the  (Urertion  of  drtiign,  i1tHH)i';itiou,  and  tlw  nso 
lit'  iDiiti.-rm1}4,  HU<1  it  la  liapetl  that  nnr  orchiteclK  and  (-otiHtrucKirH  uuiy 
ilci'ivp  tuiine  advantage  tViim  thp  descriptiuni^. 

^B^e  imi>erial  pHvilioii,  on  the  left  hand  siik-  of  tho  ifrand  avenii*-  k-Ad- 
^^g  t4i  thf  niaiii  pntTaaw  of  the  E\|H)sitioii  biiildin;;.  wiw  one  of  the  most 
origiiiiil  and  alti-attive  of  thi-  omam«ntrtl  ntnu^^tnrt's  in  the  j»ark.  It 
was  a  ]>idiu».>  in  miniiitnn-,  cxipiisit*'  in  its  di'tHiln,  aiid  luxminiiiii  id  itM 
intL-rior  fiimialiing,  and  waa  desiKned  as  au  imperial  resting  lAaw.  in 
itH  I'Xtcniid  a»i«-et  it  wein  dtwidedly  orieiitsil ;  yet  one  could  llnd  in  it,  ou 
ex.tinhmtiou,  something  to  renidl  the  strnetifres  of  iiii|KTiiil  iiumo,  of 
Moscow,  of  the  i>eviod  of  Louis  tlie  XIV  and  XV'I,  of  the  lirst  Naiioleon, 
and  of  llio  Moot's  of  Bpaiii. 

It  L'oiimHied  of  n  central  buihUng  surinonnted  by  a  dome  and  Ifitiikt^ 
hy  four  wing«  or  projections,  with  rounded  ends,  and  the  whole  »nr- 
ii^nnded  hy  a  broad  vt^randa,  altove  a  innrhle  (ernu'e,  approaclit-il  on 
fonr  sides  l>y  llightit  of  inarblo  steps.  The  supimrts  of  thu  broad  and 
^biglily  onmniented  veninda  eonHist«d  of  bronze  lane(>8  set  in  pairs  ou 
^■ub  Hiile  of  the  stefis,  nnd  inelintMl  nt  an  angle  so  as  to  appear  like  polett 
^^bportiiig  a  tetit  or  awning.  Each  lance  siipiwrted  an  inipenal  eaglp, 
^^^mmaze,  and  brazen  shields.  Eagles,  in  bronze,  giiarde*!  the  sti-ps  of 
^^^B  chief  entrance,  and  au  eniiinelHl  terra  eotta  luihistrade,  snrround- 
^^■r  tlie  t«lT«ce,  was  onnimeiited  witli  vusea  of  the  same  material  in 
^^^KonH  colors.  The  whilp  marble  steps,  and  the  tloor  of  the  territ»>,  in 
^^^P balcony,  were  curiously  inlaid  in  colors.  Designs  were  tlrst  derply 
^^^pravtHl  in  the  stone,  and  wftre  tlieji  filled  in  with  colored  stones  or  a 
^^^BpOHition,  and  then  ground  down  so  as  to  give  the  effect  of  elaboratt^ 
^^BBnic  work.  This  had  a  very  iileasing  apiwamnee,  and  the  work 
^^^BiKtred  to  be  dnrahlr,  for  the  constant,  though  liinitMl,  nse  for  three 
^^■totliK  di<l  not  produce  any  appnv'i^hle  effect  a|>on  it. 
^^^Bbe  ipiadrangiilar  portion  of  the  main  building.  whi<;h  rose  above  the 
^^Bcony  and  snppooted  the  dome,  was  dti^mted  with  majolica  plnli^,  and 
^^Bdnine,  tn  KuKsian  style,  was  cotistructcd  of  nietiil  and  highly-deeora  teil. 
^^RRw  fVamcH  of  the  fonr  glass  doors  giving  access  to  the  intj^rior  wci-e 
^^Hdt^  nf  wnmghl  iron,  and  the  principal  one  was  a  very  beautiful  simh'i- 
^^■n  of  Workmanship  and  ilesigu.  It  was  finely  chiseled  and  is  i>aid  to- 
^^Bro  ooKt  sixtiten  thousand  tVancs. 

^^■n>iii  building  was  about  twenty-six  yanls  (twenty  four  meters)  iu  its 
^^Hjcest  ilianieter,  and  sixteen  meters  in  it^^  Rli(»il«st  dianu'ttT,  witliout, 
^^ntthvr  cnse,  counting  tlie  st«]is.  The  central  saloon  was  seven  meters 
^^^hAR^r  ^'"t  ^'^''  '^'*^  comers  cut  oil',  so  that  it  was  octagonal  in  form. 
^^Bir  BUtgliificuut  windows  of  plati.*  gluss  gave  viows  of  the  priucijial  por- 
^^■lAof  the  park,  including  the  great  nnniher  nf  the  most  imimrtant 
^^Mititi^,  and  with  the  cmwd  of  visiloi's  of  every  naticw  pOMJug  uud 
^^BMudDjf  funnud  a  most  pleading  panorama.  ^^^ 
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The  walls  were  covered  with  the  most  magnificent  specimens  of  tapes- 
try of  Nieully,  representing  various  subjects.  The  curtains  were  fix)in 
the  manufactories  of  Lyons,  worked  in  tapestry,  in  patterns  harmonizing 
with  the  other  decorations,  and  costing  twenty-five  dollars  a  square 
meter. 

The  cupola,  forty-five  feet  high  in  the  interior,  was  also  decorated  with 
allegorical  designs  worked  at  NieuUy,  and  sustained  a  superb  chande- 
lier pendant  from  the  center. 

The  furniture,  of  the  most  elegant  design  and  materials,  was  supplied 
by  Messrs.  Duval  of  Paris,  and  was  intended  by  them  as  a  display  of 
their  skill  and  taste  as  decorators.  The  various  pieces  were  modeled 
after  the  most  luxurious  articles  of  furniture  which  existed  p,t  the  time 
of  Louis  XIV. 

Immediately  adjoining  the  central  apartment  was  a  chamber  called 
the  Empress's  saloon,  also  fitted  up  in  the  most  luxurious  and  tasteful 
manner.  The  walls  were  covered  with  the  finest  figured  satin,  adorned 
with  allegorical  groups  of  figures,  and  the  chairs  and  sofas  were  covered 
with  the  same  rich  material. 

A  piano  from  one  of  the  best  makers  of  France  was  provided,  and 
indeed  nothing  was  omitted  that  could  conduce  to  the  C/Omfort  and  ease 
of  their  Imperial  Majesties  during  their  visits  to  the  Exposition.  The 
style  preserved  in  the  saloon  of  the  Empress  was  that  of  Louis  XVI,  and 
was  derived  principally  from  the  palace  of  Versailles  and  from  the  Tri- 
anous.    The  ceiling  was  painted  by  Voillemot. 

The  saloon  of  the  prince  imperial,  or  the  "  smoking  room,''  was  also 
fitted  up  iu  the  most  superb  style,  and  in  a  manner  which,  with  all  the 
other  deconitions  and  fittings  of  this  building,  reflected  the  greatest 
credit  upon  the  skill  and  taste  of  Messrs.  Duval  of  Paris,  who  are  the 
proprietors  of  the  whole. 

It  was  not  possible  to  ascertain  the  cost  of  this  building.  It  was  erected 
in  a  few  weeks,  although  it  must  have  been  for  a  much  longer  time  in 
preparation.  At  the  close  of  the  Exi>osition  it  was  offered  for  sale,  with 
the  furniture,  for  seventy  thousand  dollars. 

PAVILION  OF  THE  E3IPRESS. 

This  modest  little  pavilion  was  certainly  one  of  the  most  beautiful 
specimens  of  architecture  at  the  Exposition. 

The  idea  of  this  building  originated  as  follows :  Mr.  Henry  Penon,  a 
manufacturer,  being  desirous  of  exhibiting  a  very  elegant  and  artistic 
cari)et  of  some  two  hundred  and  sixty-five  square  feet  of  surface,  and 
being  unable  to  obtain  the  necessary  space  within  the  Exposition  build- 
ing, obtained  i)ermission  to  construct  this  pavilion  in  the  park. 

The  designs  were  furnished  by  M.  Demimuid,  a  young  architect  of 
great  talent,  and  numerous  contractors  and  manufacturers  contributed 
to  its  erection. 

The  design  of  the  asrchitect  was  to  construct  a  building  of  polychroma- 
tic stg-lei  which  by  the  brilliaiM^  and  varietgr  of  its  colors,  would  enHvea 
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p  Komltcr  Uifpect  or  tbe  park,  hat  would  still  lie  solid  Piioiigh  to  rpsist 
^  wpdttior,  nud  roiiiiiin  unclianged  iu  a  climat4>  as  variii))k>  an  tbat  of 

Thww  two  olijwts  governed  the  cboic4>  of  luitt^i'iulH. 
)he  reHiilt  of  tliis  work  was  cxtreiiii'ly  liajipy,  tmd  tlio  dctitils  wore 
iproncliftblo. 

!lie  ]>avilioii,  wliicb  wus  situattMl  oii  the  borderu  of  ttit?  lako  in  the 

i^'o  ^nton,  was  octa^ual  iu  jilaii,  and  was  elevat«d  tbree  steps  above 

fc  walk.    Taking  a<ivantage  of  the  descent  of  the  ground  on  tUo  opjio- 

nit«  Hide  from  the  eiitrauce,  a  balcony  was  thrown  out  wliicli  ovi;[l<x>ke<1 

the  lake. 

TUf  four  largo  windows  from  within  had  the  appearance  of  four  large 
frninOK  eontainiug  the  most  benutifnl  laud-scapes  of  the  garden. 
The  eonstnic'tion  lines  of  the  pavilion  were  of  cnl  Htoue.    The  iihUn 
lu'^w  were  of  brick  of  thn*  colors— bino,  green,  and  yellow.' 
e  frieze  W8«  ma*le  of  terni-cotta panels,  inst^me  frames;  the  orna- 
ptntion  was  upon  a  yellow  groundwork. 

a  ewch  opvuing  there  wa«  a  uuMlallion  containing  the  lettt-r  E  upon 
ftftzun-  ground,  and  these  medallions  weru  surmounted  by  an  iini>f- 
f  crown. 

!lie  carjientry  of  the  dome  was  of  oak,  covered  with  lead  and  slate. 

The  dome  was  surmount«d  by  a  cornice  pl.iced  altuiit  i>ue-iinart4ir  of 

the  distanct*  at»ove  th4'  base,  and  ornitmeuted  at  each  angle  by  an  eagle, 

and  th^  siiiiiniit  was  8nruiouut4.'d  by  acouical  ornament,  Like  apiim  c^ne, 

seulptured  i>edeatal. 

!lie  B]at««  were  cut  circular  at  the  eud^,  laid  so  as  t^j  look  like  the 

«  of  seri)ents. 
!he  balconies  were  In  wrought  iron ;  that  overlooking  the  lake  vaa 
itioulariy  graceful  in  its  design  and  execution. 
«  decorations  of  the  interior  were  designed  and  executeil  by  M.  Uenry 
in.  who  ein|>loyc4l  all  the  artistic  ability  that  the  manufaetory  be 
8  euuld  fODimand.    Tlie  form  of  tin.*  building,  the  ehanu'tcr.of  the 
IDration,  and  the  ingenious  eumbinatioD  uf  light  and  shade  iWH-ureil 
r  the  Empi'ess  what  the  artist  intended — a  ipiiet  retreat  and  renting 
jilaoe  which  Hhonld  be  in  harmony  with  the  rural  and  ijuiet  s«*uery  of 
U»e  rewrvcd  garden. 

)  coriM^t  wus  of  velvet  tai>ostry,  the  general  tone  light,  and  the 
H  blended  with  exquisite  tiu^to. 

s  hangings,  which  were  of  satin,  were  oruanienttMl  with  flgiires  of 
idn,  animals,  and  flowers, 

e  wood-Work,  tlio  curtains,  the  furniture,  and  the  vhandeliers  were 
ftoniBineiiteil  with  detnigns  ut^  &uit,  foliage,  and  tlowtrs. 
Sit'cost  of  the  pavilion  and  its  decorations  is  said  to  have  excee<le«l 
i  banUnHl  thousand  francs,  (forty  thousand  dollars.) 

CHALET  OP  TOE  cnjrxiSBIOSEB  GENKBAL. 
n  elugaut  and  commodious  building  was  erected  in  the  {»»rk  fur  M. 
•-tile  preaident  of  the  ini|ierial  conimiasion.     It  waa  dt-sij^ned  aitd 
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Tilt-  ruof  wi[s  lu'Oiit]  uild  ovorhiin^'iii;:,  and  liiutily  oniuuii-iitcd  ot  i 
'O!!  Hiiil  lit  the  I'idgi*  hy  <>{m.mi  uud  imi'vi'iI  wontl-wurk.  i 

Tlip  towi»r  at  one  corucr  servwl  aa  a  iiiaiit  fiitrinifp.  This  tower  4 
rmoiuited  by  a  brondly  ppojt-rling  roof  nhiidiiifj  a  balcony  whi<;li  n 
ended  tbe  ton-er.  j 

Tlip  chimney,  omstiuctt-d  of  brirk,  was  placed  on  tin-  (Hiisixle.  itnd  r4 
theoenterof  ihepibhM-iidof  lh<^  Miaiii  building.  Omci-t'al  venuiiM 
the  Swiss  ttlyk',  f\l4.>ridcd  on  thi-  »ide»  of  Lhi-  imtiii  biiildiiii:.  j 

jDlt;  HpiM'unkum'  of  tbu  interior  watt  oa  eff'eirtive  as  ihit  exteriur;  i 
kvr  titory,  which  W!w  about  three  feet  alM>ve  iJie  Krouail.  wa»  divia 
)  offiei'S  for  the  lueiidier!)  of  the  foniniitti-e,  Imt  the  tiec-iaid  flqi 
Killed  for  tlie  i-oiincil  ehiiinlier  of  tlie  eomauKHioii,  wiih  in  one  i^ 
tending  to  the  roof,  and  iitipiV!«Hed  the  visitor  bv  it«  great  sii»ii 
Joaked  for  in  a  building  which,  fmai  Ihe  outside,  seemed  to  be'dlviS 

0  niiuieruiH  i<U^eiiin;;  a|>artuient».  Tho  omi»4iuu  of  an  attic  fliHir.  ij 
B  rich  coi'ving  of  Mr-  tie-beiims  of  the  roof,  udiknl  gi'eittly  to  the  ud 
t  and  bvanty  of  this  elmuthcr.  J 

The  tirchitei^ts  during  the  Exiwsition  received  stireml  orders  for  m<M 
•(ions  of  this  bnilding  for  country  residences,  for  which  it  is  in 
lftpte<l. 

THE  TUKKISH   MOStjl'E.  j 

The  moxtjne  at  Itronssa,  built  tiy  Mohanimeil  I,  in  1  MIJ,  rninisbeil  tj 
I  Rnd  tiiudel  of  this  building.  It  waa,  moreover,  in  its  diinensioj 
out  tllfe  8izc  of  the  inos<iues  seen  in  Turkish  villagtw,  and  may  l>o  c^ 
1  a  very  truthful  type  of  them.  Tlie  inrerior  was  divided  id 
r  rnoiua.  Tlie  one  first  entei'eil  was  the  hall,  where  the  worsliiM 
ke  off  and  leave  their  »)ioch  ;  to  the  right  of  tlii:«  vestibule  was  a  rfl 
All  cirvnlar  mora,  where  the  Zchil  or  iwenMl  foiuitnin  i»  placeil.    C_ 

1  left  a  siinilur  chuinlwr  contained  suverul  clocks,  which  uidi<'Ate  the 
I  tteie^s  of  prayer  obnerved  each  day  by  ^lohaaiim^dans.  Tlie^- 
bS  Vvru  closed  in  liy  n  lattice-work  of  plaster  only,  Ix'ing  with  liiai 

(l^tiOD  open  to  the  exterior. 
bt  tnitlding  hud  also  the  minaret  ttma  which  the  woraliipei 
1  to  iirtt)x'r.     From  the  vestibule  the  visitor  entered  into  the  mos 
Br.     Inuncdiatcly  in  fWint  of  the  entrance  wits  the  tttirhali, 
Imd  covered  with  enameled  tiles,  nnd  licconiu-d  on  each  side  by  Ii 
s  candles.    This  mirkab  marks  tlic  faint  of  the  couipasi*  which  dh 
Meocta,  and  before  it  the  faithfol  kneels  and  adores.    To  the  right 
»  Mtrhah  or  allar  the  inimher  or  pulpit  was  phtcexl,  (him  which  the 

n  rends  |>ortiou»i  of  the  Konui. 
Dierc  vas  niso  a  very  curious  luster,  fonneil  of  two  e<]nihiteral  trian- 
ft  which  crossetl  iitL-h  other,  and  from  which  innumeriible  little  lam|>«i 
ig.    This  luster  or  chandelier  was  Kus]>endiH]  fVom  the  interior  of  tJie 

The  floor  was  covered  by  a  rich  Tarkey  carpet,  and  tlie 
e  deoorated  with  Turkish  inM^riptions. 
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The  exterior  decoration  was  neither  handsome  nor  striking,  lint  the 
foim  of  the  building  itself  was  perfect,  being  a  model  of  one  of  the 
most  beautiful  mosques  in  Turkey,  and  following  the  proportions 
exactly,  though  on  a  reduced  scale. . 

The  work  was  executed  by  M.  Flandrin.  The  edifice  itself  was  square, 
surmounted  by  a  dome,  and  adorned  by  the  towers  before  referred  to, 
and  by  the  minaret.    The  whole  building  is  well  worthy  of  attention. 

The  Moorish  or  Hispano- Arabian  typ^  of  architecture  furnished  the 
most  striking  buildings  in  the  park.  The  Ottoman  Empire  displayed 
the  Sultan's  kiosque,  erected  by  M.  de  Panille.  Egypt,  a  sdemlikj  or 
summer  palace;  Tunis,  a  reproduction  of  the  Bardo;  and  Prussia,  a 
pavilion  erexjted  by  M.  de  Diebistch. 

The  Sultan's  kiosque  will  first  occupy  our  attention. 

THE  sultan's  kiosque. 

If  the  mosque  represented  the  severe  and  soml)er  architecture  which 
characterizes  the  buildings  of  the  first  Ottoman  dynasties,  this  kiosque^ 
on  the  other  hand,  was  of  a  different  type,  and  furnished  a  natural  and 
easy  transition  to  the  highly  ornamented  architecture  of  the  Moors  and 
of  the  S]>anish  Arabs. 

The  exterior  of  this  building  was  severe  in  form  and  generally  devoid 
of  ornamentation,  but  the  interior  revealed  all  the  luxury  of  color  and 
play  of  light  of  which  the  Persians  are  so  fond.  The  edifice  was  copied 
from  one  of  the  many  summer  resorts  of  the  Sultan  which  are  to  be 
found  on  the  Asiatic  side  of  the  Bosphorus.  It  consisted  of  two  por- 
tions, the  first  or  front  part  containing  a  vestibule  and  servants'  apart- 
ments, and  the  second  or  principal  part  containing  a  large  square  recep- 
tion room.  The  front  is  wider  than,  but  not  so  deep  as,  the  principal 
lK)rtion. 

The  ai)proa<'h  to  the  building  is  by  a  flight  of  steps,  and  a  covered  gal- 
lery- supi)orted  by  plain  octagonal  wooden  columns  resting  on  square 
bases.  The  center  arch  of  the  gallery  is  elliptical  in  shai>e,  while  those 
on  either  side  are  ogival,  terminating  in  a  point. 

The  windows  in  the  lower  range  were  rei*tangular,  while  those  in  the 
range  above  were  ogival-shai)ed,  with  colored  glass  panes. 

The  exterior  of  the  sfiuare  portion  conforms  in  its  decoration  to  that 
of  the  rest  of  the  building.  The  distribution  and  shai^e  of  the  windows 
was,  however,  difteivnt.  The  exterior  presented  no  features  Worthy  of 
imitation ;  but  on  entering  the  pavilion  the  visitor  was  sur[msed  and 
delight^Hl  by  the  splendor  and  richness  of  the  ornamentation,  due  almost 
entirt*ly  to  painting.  It  is  in  dworation  rather  than  in  architecture 
that  Persian  taste  has  reached  it*  highest  development. 

The  ceiling  and  walls  were  divided  into  i>anels,  decorated  in  blue  and 
gold  and  other  colors,  with  araln^scpie  i>iittems,  leaves,  and  flowers. 

The  light  iH'uetratetl  through  a  double  row  of  windows  with  col<»«d 
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I  {taiicti,  whil«  the  rich  uirgx-tj*  uiul  (livatis  fi»vo  to  the  apartment 

B  ricb<.>st  mill  iiiM^t  Itixarioiu  itp]K-uniiiw. 

Th**  Snltau,  dnring  his  visit  t«  the  Exposition,  oniercd  Home  (rltangtv* 
in  decoration  of  tho  intwrior  of  tliis  tinilding.  The  ciirp<'ta  were  replied 
by  ordinary  inattingH,  and  the  divanif,  which  were  coven>d  with  rich 
Kilk,  i-xU-iided  only  on  thu  aide  of  the  yvM  facing  the  i-ntrunce.  Aofatt 
and  chairH  of  the  honutiful  inlaid  work  of  C-onstuntinopIe,  covered  with 
Bagdad  liiiifstry,  were  Hub»titnt«d  for  the  divans  with  whitth  the  room 
was  formerly  thmislied.  Ad  elegantly  oarved  table  was  plaead  in  the 
center  of  the  room,  which  was  formerly  wtcupied  by  a  fnuntaiii. 

This  bnilding  was  de^tgneil  and  oxccnted  by  M.  Parvill<^,  and  it*  the 

lalt  of  his  carefnl  and  accnmte  stndy  of  Persian  hnilding^ — a  Htiidy 
ich  he  has  ciit^'rHl  ii|H>n  with  euthmsiasm,  and  conscientiously  pur- 


THE  EOYPTIAK  SALESO-IK. 

e  salemlik  of  the  Viceroy  of  Kgypt  was  prepared  by  tin'  Ugyptian 

nitnifwton  in  the  hojte  that  bis  highness  woiihl  vitit  Paris  during  the 

Mitinn,  and  in  order  that  he  might  have  a  pala**  where  be  conld 

ive  thosi-  who  could  claim  the  privilege  of  paying  their  resiHt'tR. 

[  '^e  BHlemliks  are  siinitner  palaces,  separated  from  the  onlinary  dwell- 

I,  «id  used  nx  npartment^  for  visitors.    Tlie  building  in  the  Cliamp 

t  Uars  is  diviiled  iuto  two  p»rt«,  n  lor^  exposition  IihII,  which  in 

e)}'  inde)>endpnt  from  the  salemlik  proper,  and  tlie  pavilion  of  the 

^*Bt^  «yle  of  nrcbitectnre  is  Moorish,  inlennediate  betweeu  the  kiotuine 
^  of  the  Siittan  and  the  paliM«  of  the  Bey.  It  is  an  edillce  of  elegHtit  pro- 
l>ortions  and  hrilliant  (lecomtit>n».  A  tine  cajwla  snnnoiints  it,  while 
the  cajnlalK,  arches,  windows,  doors,  and  ceilings  are  excellent  siH'cimeQS 
of  the  prevailing  iirchiteetiire  of  the  bnilding.  Over  the  entrance  gate 
is  Hwu  an  inscription  in  the  Arabic  chariu-ter,  borrowed  from  the  Koran. 
It  i«  an  invocation  to  God,  to  Iw  seen  qnitefrcfincntlyon  thedweUingaof 
MohammctlaTis,  and  signifies — *'0  Thou  who  opencst  the  gates,  oi>en  to 
us  the  gates  of  goo<liiess." 

In  the  decoration  of  their  buildings  (he  Moorish  and  Ai-abian  nrchi- 

I*"-iU  have  always  shown  a  wonderrnl  fondness  for  geortn-trieal  eombina- 
M.  The  wholenniamcntJition  oft  lie  Moorsis  const  nicted  geometrically, 
the  decoration  of  the  AILambrn  and  their  foiidnuut  for  mosaics  testil^', 
tlie  guodietrical  forms  of  which  the  imagination  had  full  play, 
bb^r  method  of  oriiamcntatioD  was,  however,  without  syialiolisni. 
pi  Ute  religion  of  the  .Moors  fortiade;  but  the  want  woA  more  thaii 
jlpUeil  by  inscriptions  from  the  jswls  and  from  the  Koran,  which, 
aHdrvJwiiig  thcmst-lvcs  to  the  eye  by  their  out  ward  lK*iniIy,  at  once  excitwl 
ibe  iiitelli-<-t  by  the  dilUcnKies  of  deciphering  their  ciinous  and  complex 
Bviilutinus,  and  the  imuginutiou,  when  n^,  by  the  beauty  of  the  senti- 
^pt>  they  expressed,  and  the  ninste  of  their  eomposition. 
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This  building  afforded  excellent  examples  of  this  peculiar  and  distinctive 
method  of  decoration.  The  ornamentations  of  the  salemlik  of  the  vice- 
roy were  executed  by  French  artists.  They  were  beautiful  specimens  of 
arabe^ues,  and  were  reproduced  in  the  most  cre4itable  manner. 

The  principal  room  in  the  palace  is  an  exact  copy  of  the  room  in  which 
the  viceroy  was  born.  The  furniture,  the  hangings,  the  decoration  of 
the  walls,  the  fountain  in  the  ceuter,  the  two  grticeful  terraces  which 
ciommunicate  with  the  garden,  and  the  rich  accessories,  givea  very  Mth- 
ful  idea  of  Oriental  life  as  it  exists  to-day. 

Surrounding  tliQ  principal  room,  which  is  lighted  by  a  dome  and  by 
large  windows,  are  four  other  rooms,  used  as  retiring  or  sleeping  rooms. 

The  metal  work  of  the  gates  and  doors  was  exexjuted  in  Cairo  by 
Arabian  artists,  the  wood- work  in  Paris,  from  Eg>7)tian  designs. 

The  exterior  walls  were  painted  in  blue  and  white  bands. 

Among  the  other  constructions  erected  by  the  Egyptian  commission 
was  an  okd  or  caravansary,  stables,  and  other  buildings.  These  okeU 
serve  as  inns,  storehouses,  bazars,  and  work-shoi)s.  There  are  some 
features  of  the  present  building  which  are  not  to  be  seen  iu  the  ordiuaiy* 
olceUt;  in  other  resi)ects,  such  as  in  the  doors,  windows,  and  galleiies,  it 
is  a  reproduction  of  buildings  actually  in  existence. 

Editices  of  this  class  are  to  be  seen  in  Cairo,  and  particularly  in 
Assouan,  in  Upper  Egyi)t,  where  the  excessive  heat  is  more  supportable 
in  the  interior  courts  of  these  buildings  than  in  the  streets  of  the  city. 

In  addition  to  the  stables,  which  were  erected  by  the  commission  of 
Morocco,  a  tent  of  camels'  hair-cloth  of  large  dimensions  was  exhibited. 

Its  arrangements  show  that  the  art  of  constructing  and  furnishing 
movable  dwellings  of  this  kind  is  remarkably  well  understood. 

THE  PALACE  OF  THE  BEY  OF  TUNIS. 

The  object  that  the  Tunisian  commissioners  seem  to  have  had  in  vieM' 
in  the  construction  of  this  graceful  edifice,  situated  at  the  right  angle  of 
the  park,  was  the  tiiithful  representation  of  the  arts,  manners,  customs, 
and  manufactures  of  Tunis. 

The  fa<;ade  was  an  exact  reproduction  of  the  bardo,  a  summer  palace 
erected  near  Tunis. 

The  dimensions  were,  however,  much  smaller  than  in  the  original 
building,  though  the  exiict  style  of  decoration  aiul  internal  aiTangements 
were  preserved.  Tlie  building  was  elevated  on  a  platform  or  basement, 
which  was  occupied  by  the  Tunisian  cafe,  shops,  stables,  &c.  The 
approach  was  by  a  grand  staircase  guarded  by  six  lions  in  a  sitting  pos- 
ture, three  on  a  side.  The  veranda  projecti§  in  front  of  the  main 
building,  and  is  supi)orted  by  six  columns  surmounted  by  cissoid-shaped 
arches.  The  center  arch  is  larger  and  higher  than  tUose  on  the  sides. 
The  tympanums  of  the  three  arches  and  the  angles  of  the  central  arch 
are  onuunented  in  open  work.  The  architraves  are  decorated  with 
inscriptions  in  golden  letters  on  a  blue  groond. 


^  Tlip  mitiu  (Mitraiico  to  thL-  btiihlitif;  ivt  th<>  back  of  ttie  {Kirtiuu  is  sur- 
motiutMl  by  a  richly  oraameated  arch,  cotTLwpoiidinjf  to  the  c«™iTaI  arch 
of  the  portico. 

The  floor  of  theimrtico  ia  surronnded  by  a  richly  carved  railinc.  The 
wftll  at  the  bjuik  haa  »  base  of  red  mariile  Hiip[H>rtJn^  two  larfp)  pitiu'lit  of 
[wlychi-omatic  fftinTice.  The  Ueicoratioti  at  t  lit'  opiH-r  part  uoumisIj^  of  oimju 
work  puuelx  in  plH«t«r. 

On  cither  Hide  of  the  fltitraiic«  is  a  tupiare  pavilion  smrnoaiitpd  by  a 
dome.  The  lowtr  wtoriea  of  Iheito  pavilion)*,  which  are  wuh]  in  tlio  origi- 
nal bnilding  an  dens  for  wild  aulinals,  ni-e  lYiriiished  with  large  biirrtil 

_window«. 
L  This  entrance  to  this  paliux^t  is  very  imitosiiig.    Astti^-ndiiig  the  Kti^pa 
|etwi.'«n  two  Tunisian  Koldiers,  who  stand  bi^iv  as  soutinels,  >'ou  enter  ii 

0  wide  halt,  on  the  left  of  whii^h  is  the  gitardhouse.  which  containK  u 
all  armory,  while  iidjoiniui;  is  the  f^hnmber  of  fiidi  Mufttapha   Khaz- 

',  who  filled  the  oflit*  of  prime  minister  diirliifr  three  sneeesaive 

This  room  opens  into  that  of  the  Itey,  ihns  affordinp  the  minii*- 

r  conlinnal  aeress.    The  chnml»er  of  the  Bey  is  Ktylwl  Mtr^lhaeka, 

1  ift  tighteil  l>y  t>ecnli»r  windows  citlliMl  aumvhirahi,  a  aort  of  j^raHng, 
f  wliloh  light  IS  adiuitted  (hroiigh  a  trellis  work  of  piaster.    TIwm- 

lingn  afford  a  liill  xnew  of  all  that  |>a«sos<nitside,  but  do  not  allow 

u  oDtside  tu  sev  wh»t  is  within, 

f  Tbure  is  ii  dei-ji  Iwiy  window  in  this  hall,  where  the  Boy  sits  on  a  Hpliiudid 

Ottonmn  Horruntided  by  his  court,  who  at  a  given  sign  disapitenr  aud 

reappear  iw^ording  to  his  plvamu*.     Nothing  can  exceed  the  rich  ilecon^ 

tiou  of  this  room.    The  most  <;ostly  ornamentation  of  the  Hast  hax  been 

I,  atul  the  light,  admitted  through  an  arabestine  open  work  support- 

f  coloriKl  g1ii.-«^  panes,  tends  richness  to  the  scene.     The  walls  of  this 

ildiug  are  of  panels  of  plaster,  richly  orinimenled  at  the  upi»er  jiari; 

t  a  l^vel  with  the  {K'ristyle  is  a  Qieze,  which  hiu  iiisutiptions  of  goltl 

n  a  blue  ground. 

Th«  up)ier  jiurt  of  each  pa\'iIioD  is  pierced  ou  t^ach  side  with  four 
mamenti^  windows  with  arched  tops.    The  whole  is  siirnioutiteU  by  a 


The  main  entrance  o|>euK  into  a  vewtibolc,  on  the  light  of  which  is  the 
U  of  justice.    This  a|>artment  is  decitrated  with  panels  of  polychro- 
l^tic  marble,  and  has  a  large  window  at  the  back.     Above  are  a  nuni- 
rof  atnall  stpiare  panels  in  arabosc|Ue  oixin  work.  oruamente<l  wiiJi 
J  glai^t.    The  frieiie  is  covered  with  inscripliuus  reprn^Qliiit;  the 
c|iitbets  of  (Ind,  and  that  ^tl'  Nidi  tiadeik.  (thejnsl  ruler.) 
u  cuniict- supports  a  t|Uitdmngular  drum  pierct.'d  with  four  andied 
lowH  on  eat^h  side,  de<Mirated  with  o|ieu  work  and  w>lorvil  ghuw.    The 
n  is  eylindncal,  and  oninmentcd  in  the  same  mannirr. 
J)i|HiMtV  the  hall  of  Justice,  at  the  lelt  of  the  enlnuice,  is  the  muiu'uin 
I  armory,  in  which  lu-e  exposed  the  arms  worn  Uy  all  th«  Ueys  of  Timia 
e  the  crtisiides. 
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From  the  vestibule  the  visitor  also  enters  the  patioj  or  central  <^peii 
coart-yard.  This  is  sarronnded  by  a  covered  gallery,  the  itNrf  of  whieh 
is  supported  on  each  side  by  four  colamus  and  three  arches^  the  laifer 
one  being  in  the  center.  The  floor  of  the  gallery  is  covered  with  bri^t 
colored  tiles;  the  columns  and  capitals  are  of  marUe,  and  were  hroni^t 
firom  Tunis.  • 

In  the  center  of  the  court  was  a  fountain.  The  walls  of  the  rooms 
were  ornamented  with  bright  colors,  while  the  furniture  consisted  of 
divans  and  rich  carpets — ^the  whole  forming  a  most  delightful  summer 
retreat. 

Beyond  the  summer  saloon  are  the  sleeping  apartments  of  the  Bey, 
furnished  in  the  most  luxurious  manner.  Th(^  rest  of  the  space  is  occu- 
X)ied  by  apartments  for  women  and  servants. 

In  the  rear  of  the  building,  i>arallel  with  the  facade  of  the  front,  is  the 
grand  saloon  of  the  Bey,  with  the  hall  of  honor  and  the  banqueting  hall 
on  either  side.  The  saloon  of  the  Bey  was  by  ta^  the  richest  in  the  build- 
ing, both  in  ornamentation  and  design. 

Tlie  prevailing  colors  employed  in  the  decoration  of  this  building  were 
blue,  yellow,  green,  and  red. 

It  may  be  said  that  the  interior  of  this  charming  edifice  offered  exact 
specimens  of  the  architectural  art  of  Tunis  in  its  most  elevated  type,  and 
that  on  the  outside,  also,  there  were  equally  good  exhibitions  of  some  of 
the  industries,  trades,  and  arts  of  the  countr>'. 

In  the  basement  of  the  building  there  was  an  Arabian  caf<§.  This  was 
a  faithful  copy  of  Tunisian  establishments,  where  the  visitor  could  take 
a  cup  of  coffee  in  true  Oriental  style,  the  powdered  coffee  and  the  liquid 
being  served  together;  a  drink  which  has  a  flavor  that  amateurs  well 
know  how  to  appreciate.  A  barber's  shop  was  fitted  up  near  the  cafe ; 
the  rear  of  the  shop  containing  divans  where  the  customers  could  lounge. 
In  the  East,  (he  barber  shops  are  the  rendezvous  of  loungers  and  gos- 
sips, and  corres|K>ud  to  the  European  club-rooms.  To  complete  this 
faithful  picture  of  life  in  Tunis,  there  was  a  long  row  of  gracefol  and 
attractive  sho[>s  filled  with  rare  eastern  productions.  The  merchant 
stood  in  the  center  of  his  shop  surrounded  by  his  goods,  smoking  calmly, 
and  in  a  dignified  manner,  his  long  schiboukj  condescending  now  and 
then  to  wait  on  a  customer. 

In  concluding,  a  just  tribute  should  be  paid  to  the  talents  of  the  archi- 
tect of  this  building,  M.  Alfred  Chapon,  by  simply  repeating  the  high 
compliment  paid  him  by  the  artisans  sent  from  Tunis  at  the  request  of 
M.  De  Lesseps,  to  assist  in  the  ornamentation  of  this  work.  When  told 
that  the  object  of  their  visit  was  to  assist  in  arranging  an  exact  repre- 
sentation of  Tunisian  art  and  industry,  they  replied,  ^^  What  can  we  do! 
Everj-thiug  is  done." 

One  of  the  most  interesting  features  in  the  erection  of  this  building 
was  the  bold  and  skillful  manner  in  whioh  the  artists  worked  and 
molded  plaster.     Their  only  tools  were  two  chisels  of  different  sices. 


THE  GOTHIC  CHAPEl.. 


nnLDmos  nt  tbb  pass. 

(IrAwinfT  was  mad«  in  ndvance.  The  iu^ifll»  i«eoi»(Hl  tn  be  inspin-d, 
exM-at^rl  figures  and  sculptures  of  the  nioHt  ooni|ilicarod  patterns 
with  II  pnTinioti  ami  regularity  that  snrprised  evcrj-  Iwliohler.  In  the 
uiK'tiinjrs,  pierrud  tlimiigli  tlie  plasttT,  imrii-8  uf  coloi-wl  glnA.s  vfiv 
iiiM.>rt«-d  wliirh  produced  tlie  most  tantiistic  and  beuntiful  efl'wtw. 

Thf  foftr  strin-turfs  whieh  have  been  siiceessively  luitieed  :  thp  Turk- 
ish mofMjne,  thf  Sultan's  kiosqiuv  th»>  Egyptian  ludemlik,  unU  thi?  i>aluee 
of  the  Bey  of  Tnnis,  were  all  well  defined  tjiies,  and  characteristic  nf 
tlie  difVcreut  systems  uf  Mussutmtin  airhit^i^'tiire — that,  of  the  Ott'uniin 
sehljouddeN,  that  of  the  Persians,  of  the  Mocirs,  »nd  of  the  l^paniiih 

^^BOn  entering  the  park  fi-om  the  gate  of  the  briilgi*  nf  Jeiia,  one  of  the 
^Hnt  buildiug:^  which  attriK^ted  the  visitor  wtt»  the  Gothic  cha{M'l.    Thin 
^HjilldiDg  was  erected  »t  the  iustanee  of  M.  Charles  lAv*.'i\»i!,  ghiss 
fjprintcr  of  Beanvais,  and  ori^nated  in  thif  desire  to  bring  together  in  a 
prominent  iwsition  a  coltectiun  of  all  the  art  mttteriitls  which  are  nscd  in 
ereWiasticjil  nrehi lecture.     In  this  res|H-ct  it  was  Kimilar  to  the  aix-hi- 
tertnrnl  court  in  the  Englifih  soctioii.     Jfo  fewer  than  seventy-one  iudi- 
Inals  and  firms  contributed  t*>wanl  tlie  erection  and  fhrnishing  of  tins 
idlding.     Although  externally  the  building  wjis  open  to  adverse  criti- 
I,  yet  inlernallj'  it  was  very  «iatly ;  though  perhaps  there  was  want- 
ing  in  it  u  wnity  of  design  which  would  necessarily  be  the  restdt  of  the 
manner  in  whicli  the  collection  wss  made.    The  flour  displayed  tiles  of 
diiSerent  colors  and  patterns;  the  windows  were  filled  with  «t«incd  gl:iss; 
e  arches  an<I  capitals  were  paint<Hl.    Eaeh  chni>e)  bail  aii  altar  of  ele- 
t  design  and  workmanship.     The  sanctuary'  wiui  inclosed  by  metal 
I,  while  specimens  of  carved  wood-work,  enurnelied  shiini's,  sUilts, 
Mabra,  and  other  articles  wliich  ure  usetl  in  the  furnishing  of  a 
pch,  were  to  Ite  seen  ia  ttieir  appropriate  pUu-es.    The  object  of  this 
bbition  was  to  elevut^>  the  character  of  the  arts  employwl  in  the  ser- 
B  of  the  church ;  and  the  cost  of  the  bnihling  and  objects  displayed  is 
said  to  have  exceeded  'two  hundretl  thoiisan<l  f'nutes  (forty  thousand 
(IuIIhts.) 
The  materials  of  which  the  building  was  cnnstructed  were  brick,  Stone, 
ilttastej-;  Ihe  roof  was  of  slates  of  different  colors,  and  wba  funiished 
b  an  oniamcnted  mctul  crest ;  the  edges  of  the  arches  were  of  brick- 
It  covered  with  plaster  moldings ;  the  columns  were  formed  of  pieces 
Irood  surrountied  with  brick-work  and  coaled  with  plaster ;  tiie  cnpi- 
I  of  the  columns  and  the  mulUons  wen>  of  the  same  material.    Very 
log  I'DTccts  were  prodiu'etl  by  the  use  of  this  material  at  \'»y  mad- 
pcfHtt,  and  its  use  is  to  be  particularly  reconimendctl  where  |>oly- 
iaUc  decoration  is  to  Iw  used. 
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THE  RUSSIAN  IZBA. 

The  baildingg  seen  in  BU8sia  represent  many  different  styles  of  archi- 
tecture. The  older  edifices,  with  their  cnpolas  and  domes,  bear  the 
impress  of  the  Byzantine  school.  The  public  buildings  and  palaees 
are  si>ecimens  of  rennaissanccj  and  are  similar  to  those  seen*  in  othtf 
countries.  The  tihily  national  architecture  of  the  country  is  to  be  seen 
only  in  the  wooden  cottages  and  homes  of  the  peasantry  and  middle 
classes.  In  no  other  country  is  wood,  when  used  as  a  building  material, 
worked  and  ornamented  to  such  a  high  degree. 

All  the  buildings  and  structures  representing  Bussian  architectare  in 
the  Champ  de  Mars  were  of  wood.  These  were  the  izba,  the  stables, 
and  the  fittings  and  decoration  of  the  Bussian  section  in  the  interior  of 
the  main  Exposition  building. 

Tlie  izba  was  an  exact  si)ecimen  of  the  i>easants'  cottages  of  Bnssia, 
such  as  are  seen  at  Moscow  and  other  places.  Its  details  of  ornamenta- 
tion, however,  were  not  so  carefully  executed  as  they  often  are  in  that 
country.  The  izba  is  formed  of  two  houses  united  by  a  kind  of  shed. 
They  are  built  of  logs,  hewed  or  sawed,  and  in  this  respect  are  like  the 
log-houses  of  Sweden,  Xorway,  and  some  parts  of  Austria.  The  roofs 
are  steep  and  overhanging,  and  are  highly  ornamented  by  cut  wood- 
work. 

Oneof  the  houses  is  entered  by  four  steps  under  a  veranda  supported  by 
four  columns  as  posts.  The  other  house  is  without  a  veranda,  but  has 
an  artistically  cut  balcony  extending  along  the  entire  front  just  above 
the  eaves  of  the  roof. 

The  first  stoiy,  or  ground  floor,  the  ceiling  of  which  is  very  low,  is 
lighted  by  three  small  windows,  and  is  used  for  housing  the  cattle.  The 
si»coud  story  8er\'es  as  the  habitation  of  the  family.  The  stairway 
is  outride  of  the  building,  protected  by  the  shed  which  covers  the  en- 
tnuice  to  the  courtyard.  The  upper  story  is  divided  into  two  rooms,  a 
large  and  small  one,  the  interior  of  which  is  lined  with  dressed  boards, 
in  many  cases  smoothed  and  polished  with  sand. 

In  these  buildings  the  wo4Kl-work  was  not  painted,  though  in  Russia, 
especially  in  the  interiors,  the  carved  wood- work,  as  well  as  the  casings 
of  the  windows,  and  the  shutters,  are  usually  painted,  and  often  in  strong 
colors'— red,  yellow,  and  blue. 

One  of  the  houses  is  (tailed  the  letnikj  and  is  used  by  the  family  as  the 
summer  home,  but  at  other  times  as  the  storehouse.  It  contains  only  a 
single  room,  raisiMl  a  little  above  the  ground. 

The  ornamentation  of  the  izba  is  generally  done  by  the  proprietor 
himself,  and  is  sometimes  of  the  most  elabonite  chanicter.  The  ridge 
of  the  nK)f  is  always  ornamented;  the  (Risings  of  the  gables  pi'oject 
alM>ve  and  below,  and  are  carved  at  the  top  in  the  form  of  horses^  heads 
tumiHl  inwards  toward  each  other.  This  style  of  decoration  is  very  an- 
cient, and  has  been  explained  by  the  fact  that  the  horse  was  held  sacred 


thf  aiK^ient  Soylliiaiis.  The  lower  ends  orextreiiiltips  of  tbeciivaings, 
whicli  pxM>ml  (uiini)  illtttatico  Iwymid  tbc  ivwf,  hmi  hIso  liifctily  woh- 
rni'iit^tl.    (^ftrvtHl  t>encluuts  ulsu  oxteudod  tronf  t)iv  ri4l)j^-i>oli'  at  Lh*-  gahh 

>IU\  of  tbc  llUUM'. 

Ill  tlii>  Uuiwtiaii  (ux'lioii  motloln  of  tb<>  oxistins  arcliit^fttiri)  »!'  Kiittsiii. 
udtt))U'(l  to  its  various  cliiaates,  were  aloo  (ijHplayecl.  In  the  nmtlicni 
IH-ov-iiicpB  tbn  izbas  havft  tlie  ftmnilation  m»(ie  of  brick,  with  thi>  flrat 
Htory  of  logs  cut  ill  tbp  iiaunl  manner.  Tlip  /ff»jfc  serves  only  as  ast^re- 
Theroof  is  iniule  of  ilri'tt!^^)  ]>laiik».  Iii  tbp  central  pnivinctu* 
RHsaia,  tbit  biiilili[i]||;ii  arc  iiiadt!  enlin-ly  of  wootl ;  tlie  »rn»nii>ittAlloi) 
Kioh  Qiore  abntidftnt',  and  the  shi«U  iiiid  b»)c;ouitv<  art*  nsiially  (■{tvtreO 
thntirli.  Ill  tho  Huiithiim  {mrtiunn  of  thi>  country  the  i/Imm  art  built 
■miwoni'y.  and  very  littlfl  varved  wood  is  iiumI.  Ttie  mofA  are  Hlwuys 
>tch<.>d.  aiul  the  (ground  floor  is  g(>iii>rally  surrounded  by  a  ^itnuida 
111  by  the  (irojection  of  the  roof,  anti  Bupinirtt-d  by  rustiu  wood- 
'k  instRnd  nf  jMists  a«  at  tlie  north. 

r-.oonlinp  to  a  writ**r  in  thfi  Enfjineer,  "  The  buildinp  of  a  jieasant's 
lUitei  of  tiie  jtlainest  kind  dotts  not  aiHt.  in  tlie  neit;1iborhood  of  Mos- 
(Xiw,  Toiila.  and  other  great  towns,  more  Ihwi  fiKhty  to  one  liiindred  :u»d 
tiurty  roubk-js ;  that  in  to  «ay,  fn>in  tw  lU  i  to  twenty  |>i>iiiids  stwrlinK — mftte- 
lalwr.  fiirnihiro.  and  stoM.  all  included.  Thi^  furniture,  it  should 
explaiiiiHl,  consists  siinpl)  ot  one  lai(;e  table  and  b4?nches  which  stniid 
id  the  room  in  the  dnylinu,  and  lorm — two  put  to^fetber  with  a  hard 
the  top — tbetM>(Nof  the  family  at  niyht,  exwptin  thee,4>]dest 
soaAon,  when  father,  mother,  and  (hildren  titid  a  warm  corner  on  the  top 
of  the  stove,  wbieh  in  nothing  moro  than  rii  oven  composed  of  bricks 
and  fa«'ed  with  unminental  tiles.  To  explain  this  c-rtrjuirdinary  ebeAp- 
iif.sa  ihe  jiriee  of  wood  must  be  stated.  A  plank  of  iH'st  fir  wooil, 
twenlyoiie  feet  long,  oiglit  and  tbrue-foitrth  inebiut  wide,  and  nearly  two 
inchm  thiek,  eosts  tilty  eopeeks,  or  seventeen  jtenee,  and  oak  Im  only 
wurtb  from  two  nbillinKS  three|a'noe  Ui  thn^e  shiltinj^  I'ouri'ence  the 
ruble  tool.  Tbe  wihkI  is  very  enivfully  seasoned,  binn;;  built  up  in 
ika  with  interstiees,  and  submitted  to  th«  artiou  of  steam,  and  is  full 
and  resinous  matters.'* 
valis  of  tbe  house  are  calked  like  tJie  deek  of  ships,  either  with 
lar){«  moHs  of  Rntutia  or,  wheiv  that  is  not  to  lie  obt»ini-<l,  with 
imkum,  and  the  ealkiiijj  is  dn^'sst^^d  with  tiiri>eutiiie.  The  angles  are  flIUhl 
M'itb  a  iv.inetit  comjNtiw'd  of  lime,  cow  dung,  and  ex>ar»e  flour  or  nieal,  tiiid 
huildiniL;  is  niude  as  tight  as  possible.  , 

l>  IiuNHi;iii  sliihle^i  iit  the  Kxposition  representeil  the  style  of  nn-hi- 
wvtun-  wM(^h  dates  baek  to  Ihe  seventeenth  wqlur>-,  anterior  to  t 
iif  I'eterthedit'at.    The  ridge  of  the  roof  Is  very  high,  andisornn 
Witli  a  bitdee  work  of  woo<l,  fonuiug  a  verA'  prouiinent  iitid  piuti 
ennjT  of  the  nmf  cousistK  of  planks  tab 
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imd  overlapping  like  shingles.  The  main  portion  of  the  stable  bnildiiig 
projects  so  as  to  form  a  porch,  which  is  supported  upon  wooden  pillan. 
The  doors  and  windows  are  rectangular  and  almost  square.  The  pedi- 
ment of  the  main  part  of  the  building  is  in  unx)ainted  wood^  very  mndi 
carved,  and  ornamented  with  pendants.  The  casing  of  the  x)ediment  at 
the  upper  end  terminates  in  the  customary  carved  horses  heads,  while 
the  lower  end  projects  two  or  three  feet  and  is  curved  upwards  and  cut 
into  some  fanciful  shape.  The  windows  are  divided  into  two  parts  by 
carved  supports.  The  roof  lias  a  row  of  dormer  windows  much  more 
highly  ornamented  than  those  of  the  lower  story,  and  furnished  with 
carved  casings  and  ornaments  similar  to  those  on  the  gables.  The  gablei^ 
of  the  wings  are  covered  with  ornamental  carving.  The  casings  are  not 
only  carved  but  further  enriched  by  decorated  brackets  and  cross-ties. 

Another  very  interesting  specimen  of  x)urely  national  architecture  was 
the  entrance  to  the  Kussiau  section  in  the  interior  of  the  Exposition 
building.  It  was  a  tyi>e  of  the  interior  ornamentation  of  the  Muscovite 
palaces,  and  consisted  of  a  colonnade  crowned  with  a  higldy  carved  border 
ornamented  with  polychromatic  decorations.  Tlie  ornamentation  and 
carving  of  wood  could  not  reach  greater  i)erfection  than  it  has  done  in 
this  instance,  nor  respond  better  to  the  requirements  of  fancy. 

All  these  structures  were  the  work  of  Bussian  artizans  sent  to  Paris 
for  the  purpose.  The  stable  is  said  to  have  cost  one  thousand  pounds 
sterling  in  Eussia. 

To  the  citizen  of  the  United  States  the  display  of  Bussian  buildings 
and  methoils  of  ornamenting  wood  could  not  fail  to  be  interesting.  The 
two  couutiies  have  many  features  in  conmion.  Our  prairies  correspond 
to  the  steppes,  our  forests  to  hers,  and  our  climate  .in  many  respects  is 
similar.  Constructions  adapted  to  the  necessities  of  life  in  Bussia,  and 
built  of  the  same  kind  of  material  that  we  have  at  command,  and  possess- 
ing a  peculiar  beauty  and  elegance  in  form  and  decoration,  and  withal 
cheap,  offer  many  useful  hints  to  our  architects  and  builders. 

THE  MOVABLE  COTTAGE. 

Messrs.  Waa^ser  &  Madin,  70  Avenue  St.  Ouen,  Paris,  exhibited  a 
very  picturesque  "chalet,''  the  general  style  and  appearance  of  which 
may  be  understood  by  reference  to  the  annexed  outline  drawing  from  a 
photograph.    Page  25. 

This  is  built  of  wood  and  so  framed  and  rabbeted  together  that  it  can 
be  taken  down  at  any  time  without  injury  and  be  ei*ected  in  some  other 
locality.  It  is  a  portable  house  which  can  be  moved  from  place  to  place 
as  the  owner  desiii^s.  Even  the  slates  of  the  roof  are  movable,  being 
hiuig  in  their  places  upon  hooks. 

THE  BUILDINGS  OF  SWEDEN  AND  NORWAY. 

These  buildings,  like  those  of  Bussia,  were  entirely  built  of  wood.  The 
walls  were  stjuared  logs,  a  method  of  canstraction  which  it  seejns  has 
prevailed  in  these  countries  since  the  twelfth  century. 


BUILDINGS    IS    THE   Pi 

The  SwmIJhIi  exhibit  was  mode  by  tlie  royal  cotumittsinii,  and  cotiRiste*! 
of  a  Dalecarlian  tioime,  the  extt-rior,  Ihc  nio<!f  of  euHStructiwn,  and  the 
interior  arrniigenKuits  of  which  wei'e  copied  frum  it  Iioum-  built  in  Dsk'v- 
ciirlia  ill  \3W,  und  callt^d  the  hoiiso  of  Oustavua  Wasa,  who  (<jok  n^fngc 
in  it  when  fljiu^  &oui  bis  eu«inie»  iu  the  yew  15'iO, 


Wftaser"*  PortaWp  Ci)tt»|ti'. 
I  bnilding  rests  on  a  foundatiuo  of  masonry.  The  gallery,  which 
Uly  on  the  principal  front,  is  supported  at  the  two  end?*  hy  the  pi-o- 
ing  beams  which  form  the  outer  walls,  imd  bctwocn  thesi-  beariiit  by 
I  brackets.  A  winding  stairway  on  the  ontaide  of  the  biiil<iiii|; 
s  ti>  this  gallery,  and  is  inclosed  in  a  semi-cylindrical  casing  eoverwl 
with  large  shingles  cut  in  the  form  of  fish  scales.  The  second  st*>ry 
thi.*  honiie  is  covered  in  the  same  manner.  On  the  ground  floor,  the  ceil- 
ing of  which  is  (jiiite  low,  are  three  rooms,  one  of  them  littetl  nji  as  a  pri- 
inary  whool-rooni,  while  the  others  form  the  anitej:  of  the  Swedish  sec- 
tion. The  windows  are  fonncd  of  small  s<fuare  panes  of  glsiss  set  iu  leud. 
The  tXN>f  was  of  boards  and  bii-ch  bark  covered  with  earth,  in  which 
s  and  mosses  were  planted.  The  whole  bnilding  wiw  noticeable  for 
!  of  ornamentation.  The  style  was  simple,  primitive,  innl 
teristic. 

F^Thc  Nnrvregian  huiise  is  sitnilnr  in  many  resjteots  to  that  fn>m  Swefh 
B  building,  which  rests  u]ion  blocks  of  woml  six  inches  in  hvighl 
fit  wf  squiUFd  logs  nntche^I  at  the  ends  aud  pnyecting  at  the 

1  manner.    A  gallerj-  supported  by  the  pnyeeting  ejids  »V 
a  uid  by  brackets  surrounds  the  swoud  story  of  tlie  hciow.    1 
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aud  the  staircase  leading  to  it  are  covered  by  the  projecting  roof,  uid 
are  richly  ornamented  by  wood  carvings. 

THE  ENGLISH  COTTAGB- 
The  English  cottage,  with  its  many  gables  and  ornamented  roof,  was 
.one  of  the  first  buildings  that  arrested  the  attention  of  visitors  who 
entered  from  tlie  bridge  of  Jena.  It  stood  nearly  opposite  the  imperial 
pavilion,  and  was  erected  by  the  Britisli  commission  as  un  example  of 
the  English  cottages  that  are  found  in  the  snburbs  of  London  and  other 
great  cities  of  the  kingdom.  It  was  onlj'  one  story  in  height  and  wu 
modified  considerably  in  its  plan  and  construction  from  that  of  a  dwdl- 
iiip,  in  order  to  give  a  good  opportunity  for  the  display  of  various  meUi- 
o<Is  of  ornamenting  aud  finishing  the  walls,  both  of  the  exterior  and 
interior.  A  part  of  the  walls  were  of  brick,  another  portiou  of  b^tou, 
and  other  portions  were  covered  with  incised  plaster  nith  slates  and 
tiles,  or  with  ornamental  plaster  work.  The  roof  also  showed  a  great 
variety  of  styles  of  slating  and  of  ornamenting  with  iron  work. 

The  interior  was  not  divided  into  rooms  or  chambers,  but  was  devoted 
to  the  display  of  various  forms  of  apparatus  for  beating  and  lighting  and 
for  cooking.  Tlie  walls  also  were  adorned  with  many  brilliant  and  bean- 
tifid  siieciniens  of  ornamental  encaustic  and  enaiflelted  tile  work  from 
the  principal  British  establishments.  The  floor  was  also  laid  with  tiles 
in  a  great  variety  of  styles. 

THE  SWISS  CHALET. 
This  building  was  erectetl  by  Messrs.  KaSor  &  Co.  as  a  si»ecimen  of 
their  work,  and  iwssessed  all  the  picturesque  features  of  a  Swiss  chalet 
miKlified  to  meet  the  necessities  of  a  modem  country  house. 
It  was  thirty-four  feet  six  inelies  long  and  sixteen  feet  tour  inches  in 
brrndth.    It  was  hiult  of 
wood  with  double  walls, 
and  would   be  warm  in 
winter  aud  cool  in  Btiro- 
mer.    The  buildingonex- 
hibition  had  no  flre-placea, 
but  they  might  be  easily 
tuldtHl.    The  height  of  tlie 
building  was  such  that  the 
an-hiteet  was  enabled  to 
M>ver  it  with  a  \tide  over- 
hanging roof  nithont  in- 
terfering with  the  light, 
an    inconvenience  _often 
fonnd  in  Swiss  edifices  of 
this  de^wriiition.    On  the 
TW  s»  w  ch»wt,  pronnd  floor  there  WB« 

i-overed  pasMtges:  on  the  set<oud  stoiy  brantiflal  vwrnidas;  an  proteetsl 


by  tberofif,  wbu;)iwa8cnviu^il  willi  tiles.  Aflnittilcstaiif^iw  willi  highly 
oniiui]('nt«<i  baliiHlriulo  led  t«  llie  tixiit  «MiU-;iiice.  Tlic  ceiiu-r  u-inOuw 
ojiened  into  it  lavgi^  dining  ur  billiard  rmim.  Ttie  walls  aud  mliagf)  were 
coverwi  witU  tiarvwl  wotxl.  Theiv  was  aliw  asido  eutmiii'*'  for  sen-anta, 
aiid  a  Inick  entnince  luidiug  to  thv  gardi-n.  In  a^lditioti  to  the  diniiig- 
nHiiu  llicre  wore  two  otbcr  uxwlluul  rooms,  one  of  wbicli  might  iwrve  R8 
a  kitclien,  and  one  as  a  bivakfa^t-room.  The  jtasHages  were  wiJ<«,  lofty 
and  ftii-y.  On  attending  to  the  sw^nd  8t4iry  the  visitor  fnaud  two  mod- 
Plate  KJjK'd  dmwing-rooms  with  folding  doora,  a  good  Ixsl-room  anil 
dre^ttdng-nioin  in  front,  and  two  excellent  bt-d  rhamlKM'-t  in  thu  n-ar.  Ail 
rii««e  openwi  on  verandas.  On  (be  second  Roor,  or  third  story,  there 
wore  four  goo<l  moms  for  servants,  thus  nH'ording  ample  room  for  a  mod- 
i-nite  sizeil  family.  All  tJio  windoM-s  wem  provided  with  Venetian  shnt- 
tvnf,  paint o<1  green  or  red  at-cordingto  the  taste  of  the  oecupant.  Noth- 
ing conid  extwed  the  pretty  appearance  of  this  chalet,  which  was  oon- 
Htructi'd  III  sneh  a  miinner  as  to  he  a  pleasant  residence  throoghonl  the 
fear.  It  was  freo  from  tlamp,  being  elevateil  three  feet  from  the  groniid, 
}  was  Htrongly  built  and  air-tight  The  price  askeil  for  this  building 
""'  b  architect  was  thirty  thousand  Amines,  or  six  thonsaiiit  dollars. 


THE  TEMPLE  OP  XOCHICALCO. 


I  s  ^e  of  Uie  architecture  of  one  of  the  most  interesting,  and  at  the 
^  time  one  of  the  least  known,  of  extinct  races,  a  model  of  this  t^ia> 
eix^'ti^'d  ill  the  rbiinip  de  Mars. 

^claimed  for  this  strm'tnn-  that  it  was  a  faithful  restoration  of  o 
niuuent  found  about  twenty-three  leagues  southetMt  of  the  city  of 
Mexico,  and  described  by  Alsate,  Eluuiboldt,  aud  others.  This  rcstora- 
tiito  was  made  under  the  direction  of  SI.  I-eon  Jlethedin.  A  broad  qiiatl- 
i-augular  lerrace,  nnth  a  pyramidal  base,  sujiiwrted  in  the  wnttT  a  pyrn- 
niitlal  building  with  a  tmn<!aled  summit  and  an  ornamente^l  cornice. 
The  entahlatnre,  or  verticiil  l>order  of  tht-  terrace,  voa  decorated  by 
l>otdly-eiit  hierogl.yihie^  in  iWief.  A  broad  llight  of  stepson  one  sidfl 
hil  t*(  the  front  of  the  buihling,  where  a  copy  of  the  colossal  sintue 
round  at  Ti-olihuacau  was  placed,  and  copies  of  other  objects  of  Interest 
ti)  arcliH-ologistJi. 

Tlie  Upper  story  in  the  original  was  in  a  state  of  utter  ruin  ;  hut  it  la 
ihtiined  that  the  fallen  stones  were  found  in  sutTlcicut  niunlwrn  t^i  enable 
M.  M^-thimiii  to  nmke  a  reliable  restoration.  It  is  admitted,  however, 
r  notable  moditlcalions  were  made  in  this  reproduction: 
tmt.  The  grand  stairciwc  haM  been  nnwle  easier  of  ascent,  for  the 
fftnieni^  of  visitors. 

.  Tlie  tj'rnice  upon  which  the  temple  stjinds,  and  which  was  of 
J-  in  the  original,  is  here  constructed  of  cariR'utry,  ami  used  to 
I  imnienms  objects  hiimght  from  the  OriDieu.  Eg,vpt,  Italy,  uad 
oliyiLMi-thedin. 
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Third.  Glass  panes,  painted  with  designs  drawn  from  ancient  mana- 
scripts,  fill  the  openings  which,  in  the  original,  allowed  the  air  to  enter 
unobstmcted. 

Fourth.  The  interior  walls  were  hnng  with  Egyptian  tapestry  broaj^t 
from  Thebes. 

This  curious  collection  bore  the  inscription  ^^  Missions  seienUJiqum  4 
arUstiques  de  LSon  MSthedin  dans  Us  deux  mondesP 

The  most  ancient  monuments  of  the  Toltecs  were  pyramidal  in  fini, 
and  were  usually  surrounded  by  an  inclosure.  The  top  of  the  pjrramid, 
on  which  the  temple  or  teocallis  was  placed,  was  reached  by  a  broad  ssA 
imposing  flight  of  steps,  furnished  sometimes  with  a  balustrade.  The 
interior  of  the  temples  was  adorned  with  hieroglyphics  in  relief,  aad  not 
cut  into  the  stone,  as  in  Egyptian  monuments. 

The  temple,  or  teocallis,  frequently  covered  a  subterranean  f^MOtmait 
The  temples  of  Gholula  and  Xochicalco  are  the  most  celebrated  and  best 
preserved  specimens  of  this  ancient  mode  of  building. 

The  latter  is  an  immense  conical-shaped  rock,  cut  into  five  steps  cf 
courses,  the  sides  of  which  are  revetted  with  masonry.  On  the  sommit 
is  the  teocallis,  the  exterior  walls  of  which  are  covered  with  scalptores 
of  life-size,  representing  men  and  animals.  The  gates  are  rectangular 
or  trapezoidal,  similar  to  those  of  Egyptian  temples.  The  interior  hall 
has  a  flat  roof.  There  were  no  \iindows,  light  and  air  being  admitted 
only  through  the  door.  In  some  temples  of  this  kind  there  were  col- 
umns, entirely  devoid,  however,  of  ornamentation.  If  pillars  were  neoes- 
sary  for  the  purpose  of  support,  they  were  cylindrical,  and  without  capi- 
tals, the  weight  of  the  roof  resting  on  the  plinth. 

The  plan  in  the  Champ  de  Mars  differed  in  many  important  particulars 
from  the  original  monument,  the  details  of  its  construction  being  made 
subservient  to  the  purposes  for  which  it  was  used,  as  already  noted. 

Among  the  objects  displayed  were  authentic  casts  of  the  statue  of  tihe 
sun,  of  the  divinity  of  death,  and  of  the  great  zodiac  of  Dend^rah.  Copies 
of  the  trou  rlis  of  stone,  which,  in  the  Aztec  temples,  were  used  to  receive 
the  bkKMl  and  heart  of  the  victims  of  the  sacrifices,  and  other  objects  of 
interest  to  the  antiquary  and  archaeologist,  were  also  exhibited. 

THE  ROUMANLOJ  CHURCH. 

« 

The  building  in  the  park  was  only  a  iKirtial  reproduction  of  the  chapel 
of  the  Greek  monastery  of  KHrtea  d^Argis^  in  Wallaehia,  following  the 
original  in  internal  decoration  but  not  in  plan.  A  model,  however,  of 
the  original  in  the  gallery'  of  the  History  of  Labor,  gave  the  visitor  an 
excellent  idea  of  the  iHH*uliar  features  of  this  interesting  monument.  As 
this  building  is  one  of  the  mivst  remarkable  specimens  of  Byzantine 
iu\»hiteoture  in  existeni*e,  a  brief  description  of  it  is  presented. 

The  Byzantine  style  of  architecture  reached  its  culminating  point  in 
the  brilliant  ivign  of  the  Greek  £rai^n>r  Justinian,  and  since  that  time 
it  has  not  uudtrgone  any  important  modiflcatioiis  eitho'  In  constmction 


ur  ik-vuratiuii.  In  tiK't,  it  fell  rapidly  into  coiiveiitional  stillnPHa,  empty 
t'onuiiliKui.  or  niniitlo  mi-cUanUiu,  stri|JiH.Hl  of  all  its  creative  energy,  and 
became  »o  M-riipulously  atttirhei)  to  early  UiiditionM  tliat  all  the  vigor 
and  stren^li  nkicli predominntt-d  uiuler  Juxtinian  whs  IohI..  Thcr« have 
!>!■«»,  iiKverthelesa,  many  .ttt^^niiit-R  to  break  from  the  niurow  Uneit  of 
troditioitnl  art,  and  tn  open  a  new  road  in  the  «ouHtni(>tiuii  and  dticora- 
tion  uf  rhun;h  edilit^es,  thouij^U  it  mni4t  bo  said  thut,  in  thv  Gn^t^k  ehariili 
at  least.,  t^ure  in  little  Ut  b«  hoped  i'ur  in  this  direction.  Aniuiig  theau 
attempts  the  clia{iel  of  the  monastery  uf  Kurtea  tVArgin  muHt  be  iwiitud- 
ercd  OR  the  most  Hunccssful. 

The  re<^nt  occupation  of  tJie  pi'o\'inees  on  the  Dauulte  by  the  AnHtrian 
tnio|i»  ha«  lironght  this  ediflw  to  light.  Its  exiatence  up  to  Unit  tiw© 
■veaA  nukuowu  to  arehiteets,  and,  ou  iKxonnt  of  the  many  new  frvaurea  it 
imsentK.  cauuot  fall  to  bo  consideretl  of  importance. 

■he  credit  of  iirst  calling  tlie  attvntiun  of  the  public  to  thin  building 
ne  to  Couut  Coronini,  and  a  full  dewrription  of  it  was  pnblinlied  in 
finuth  volume  of  the  Aniinaire  de  la  UommissionCcntrale  Antrirlu- 
enne  des  Moniimenta  Ilistoriqnes.  We  are  indebted  Ut  the  b^o(^)ln^e, 
pabUslied  by  M.  Loiiia  Keissenberger,  for  most  of  the  facti*  and  details 
here  (riven. 

This  iililice  is  supposed  to  have  been  built  about  the  conimcnveDio&t 
of  the  8i.'(I«H^'Qth  century,  but  it  has  been  adorned  and  t>i>autilied  anvst 
that  lime  by  many  of  tlie  rulers  of  the  pruriuce  in  which  it  i>>  situated. 
The  urdijteet,  instead  of  following  the  usual  form  of  Byzantine 
cbarrhea — that  of  a  rectangle  or  siiuare,  in  which  a  Greek  cross  is 
iaocribed — has  given  to  a  portion  only  of  the  extt'rior  of  the  chitrch  tlie 
Hfaape  of  a  cross,  while  in  another  portion  he  has  preserved  iJic  tradi- 
tional stjunre.  Iliis  8(|nare  portion  is  surmounu'd  by  a  cnpohi,  t<np|>ort<Ml 
in  llie  Inu-rior  by  twelve  pillaris,  and  is  joined  to  the  cross-shaptnl  \wv- 
U4in  of  tile  building,  whiuh  is  also  surmounted  by  a  cni>ola,  so  as  to  eat 
off  oue  of  tbc  anus  of  the  cross.  The  ^lolygoua]  termination  uf  ihc  urms 
of  the  cross  in  also  a  pectUiar  feature. 

This  arrangement,  by  means  of  which  the  architect  stMsms  to  have 
intended  to  unite  the  architectural  forms  of  the  East  with  those  of  the 
We«t^  i»(  *.i>>n!4ideT(^'d  to  l>e  faulty.  It  is  saiil  to  lack  the  itlea  of  unity, 
whivfa  should  always  pri'vail  in  aif  hiteeture,  and  that  the  grand  eOects 
whii^b  ebiuwiterize  the  Byzantine  churches  of  an  earlier  ]>tTio«l  are  lust. 
The  friJUt  uf  the  luiildiug  is  fniiher  ornamented  by  two  small  cupulas 
ivKtiog  on  cylindrical  drums,  pierced  with  light  narrow  windows,  wind- 
ing obliipit'Jy  around  the  drums  at  lui  angle  of  70''  with  the  horizon, 
which  givea  them  a  spiral  form. 

f  iiilerior  is  constmcted  of  brick,  and  the  exterior  of  nrdiiiar}'  lime- 
Brick  was  preferred  for  the  interior,  InAsmDch  ns  it  gives  tlie 
e  for  the  reC'ei>tion  of  mortar  upon  which  in  all  Greek  churches 
ii  are  paiut«Hl. 
\  Uroeatoue  gives  to  the  building  a  »ofI  and  agreeable  lint,  and  is 
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a  materiiil  whicli  could  be  readily  carved  into  rich  and  effective  oma- 
menta. 

The  exttirtial  deeoratioD  seems  to  have  been  borroived  frttm  Arabian 
and  Moorish  architecture,  and  is  characterized  by  ita  liglitnesa  and 
variety.  There  are  two  rows  of  windows,  tbe  lower  ones  being  i-ectango-' 
lar  and  very  narrow,  while  those  above  are  circular  openings,  partly 
closed  by  arabesque  trneery  in  open  work  cut  in  stone.  A  rich  cornice 
snpiKtrta  the  roof,  and  the  up[>cr  and  lower  panels  into  which  the  exte- 
rior elevation  is  divided  are  separated  by  a  carved  torua,  which,  in 
buildings  ol'  this  character,  is  generally  painted. 

Altliongli  the  exterior  of  the  church  is  distingnished  by  a  richneu 
and  abundance  of  decoration  of  the  most  varied  character,  the  interior 
does  not  display  any  great  novelty  or  attractive  feature  either  in  aichi- 
tecture  or  ornament. 

The  walls  are  almost  perfectly  plain,  and  their  tone  is  scarcely  height- 
ened by  the  paint  fiy84.-oes  which  cover  them.  Even  tbe  twelve  columna 
in  the  principal  i>art  of  the  church  which  snpiwrt  the  capola  are  bnt 
slightly  ornamented.  The  external  beauty  and  rich  deconition  of  the 
church  leads  the  \isitor  to  ex|>ect  more  costly  and  hidden  beauties 
within ;  this  ex[K'ctation  is  not  realized,  but  the  seventy-  of  the  interior 
and  the  dim  light  which  per\-ades  it,  tbe  absence  of  all  beautiful  fonns 
which  might  attract  the  eye  and  divert  tbe  attention  are  accepted  as 
fitting  ac(>ompaniments  to  conleiuplatiou  and  religions  thonght.  Hie 
building  lut  a  whole  is  a  most  interesting  monument,  and  is  well  votthy 
of  atttrutiou  and  careful  study. 

JAPANESE  ASD  CHIMESE  BrTLDIXG8. 

There  were  several  striking  examples  of  the  pecnliar  architecture 
of  the  Japanese  and  of  the 
Chinese.  Of  the  former,  the 
nntst  notable  was  a  complete 
Ja^ianese  cottage  in  the  parte, 
surrounded  by  a  garden  in 
the  aiipn>priate  style.  A  veiy 
go«^>d  example  of  the  curred 
ajd  highly  ornamented  tUe- 
covered  iwof  of  the  temitlea  of 
that  country  was  placed  in  the 
outer  galleni'  of  the  building, 
[ir  a  model  of  a  teni|4e  tram 
Siani.  and  the  model  of  tbe  Boa- 
uiuuiau  ehnivh.  This  roof  w 
Ttr  .laiuiuw  Trini>ir.  supiHtfted  n{toa    Ugbt,  mofk 

culiuuus  of  wimnI  placed  in  i>airs  at  the  i-orners. 
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MATERIALS  AND  METHODS  OF  CONSTKUCTION. 
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Dlsl"mVKI>  *T  TIIK  KXPOSmoN— Ikcin  UtUMi- 
^^UiltUinCKIO^ — AlinciClALSTOKEftAXDCONCHKTM BlTU^INOSLN  VUUTi — t'rl 

^^K  Ttn  ssoKB  UHKti— METaoufl  of  umsnti^crioK  in  paku— IUtun  l 
^^ncRRTK— MrrauDs  ov  auiLtuNO  wau«  wrm  conourie— AHTincui.  htiink— 
^^HKwn(F.''6  ARTtriciAi.  ktasK — Krcoij.*s  nkw  V'ltx  si^iw — Tni:  uuikzzm  mahiu-k — 

^T1B,BI  FORHOimBASD  W-ttXS — ESCIUSK  TII.e»— TtlJHOF  FSHUCK,  SPAIX,  AKll  tUllKK 
ClUNTUIW — TBKIU  CirTTA,  IT8  ADVANTAOI15— OR^NAMRVTAI.  WHOUOHT-tKUN  WIIKK — 
K'.HiFIM-  MaTSRIAL:^ — ItoOFITCU    FELT — L'SR  UF   fAPKIl  ANU  l-ASrKlMllUI  IK  BI'lUtlNO 

KkKXOI  JulNKKIi'  WOIIK— ISIJIID  FIXKIRa — I'AHqi'BTKV. 

1.— EXTENT  OF  THE  EXHIBITION  OF  UUILDIXG  MATERIALS. 

The  tipsmptioiis  of  the  biiilJiiips  in  tin-  park  8or\o  in  a  uicitflim-  ro 
iiKlicale  tlie  unture  of  tlic-  mnUTiaU  u«.><l  and  the  iui'IIukU  of  coiiHtriK-- 
tion  in  varii>u8  pai-ts  of  Eurupi-,  but  fail  tu  show  what  they  mv.  in  the 
grrait  BiUeH. 

It  cannot  lie  clninxH!,  i>erhai>s,  tliat  any  very  important  iniwlly  in  tlin 
iiufure  iif  niiU^riaU  umMl  for  building  vas  sbonii  at  the  Kx)H)t<ition,  but 
Iht.-  varirty  of  miiterials  wa&  very  gi'etU,  and  in  lliosc  d(!|Kind4'nt  uihui 
tliu  artH  or  inipro^'ed  ni<;tliud)i  of  unmuftu't niv  a  very  uotiibtv  HdvunM- 
■Kim  tvidimt. 

In  iruu  beatus  uud  t^rdcrs,  fur  exaaipk-,  the  gretit  sixe  which  i-an  uow 
tie  giv<>n  til  them  by  improved  luut^^hinu'y  an<l  nit-llimlK  of  rolling,  i^r- 
auta  tlie  rivctted  einler  to  1h>  ri-phiuod  by  thuM!  iu  one  solid  ptw-v. 
UeatirH.  I't^tiu  tiundet  &  Co.  exhibiti-<l  a  iK-itin  ovt^  thlrty-twu  ftx't  lou^ 
noil  tbirtyniue  iuchcA  widp,  and  sinothtT  twdve  iuduix  widn  aad  over 
one  hundred  luid  nix  fe«t  hiiig.  AnuUa'r  estublitdiniuut  shnwiHl  liBaiuH 
over  forty  Ihiif  imhes  wide. 

Ill  bntidiii^  .sloucs  and  oroameutal  stoncii  of  all  kinds  the  exhibition 
was  n;murLabl.\  rirli.  There  were  inasnea  of  rat  and  polisbi-d  );ntnneH 
■  I  111  SL-oiland  and  t'oniwall,  und  jxirjihyricj*,  syenitest,  w>riH-ntiue!*,  un<l 

I  luieutal  aiiirblcs  fi-oui  lu'arly  all  parts  of  HurojH'. 

I  lien-  were  iiiiuierouH  dUiilayn  of  urtlJicial  slonoA.  ■.M)uci'i-Ie»,  bi'-toii 
'iiii^iictf  eementH,  brickn,  tolid  luid  holhiw  and  luuldod  in  vurioiiM 
lum>0;  tvrm  eottii,  for  constnictiou  »ud  for  oriuunen1«:  lik*»  of  all 
UihIs  fur  roulK,  dnduH,  lliwrs,  and  wall^ ;  tdulus  of  various  eolom  nod 
L  cut  vfitii  n-niarkable  pnieisioii;  ft-lt  and  other  niuteriaU  for  n»oI'- 
^'timlH-r,  boards,  nioldiaj-rt.  and  shin^fles,  and,  indeed,  aluiosi  every 
,raw  or  nmiinfsR-liin-d,  Ihal  lit  used  iu  ronstmclion. 
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report,  and  some  of  the  more  important  and  least  known  only  will  be 
noticed. 

In  general,  the  buildings  in  Paris  and  the  cities  of  Europe  are  more 
substantially  and  solidly  built  than  those  in  the  United  States.  Com- 
paratively little  wood  is  used.  Iron  replaces  wood  to  a  great  extent  for 
floor  beams,  girders,  and  for  roofs.  In  connection  with  bricks  and  con- 
crete, and  with  the  remarkable  monolithic  pieces  obtained  by  b^ton 
coignet,  it  forms  solid  and  fire-proof  floors  and  roofs  as  durable  and 
indestructible  as  stone  itself. 

Stairways  are  constructed  of  stone  or  brick,  and  the  balustrades  are 
made  of  iron.  A  great  result  of  this  substantial  method  of  oonstrao- 
tion  is  the  comparative  freedom  from  destructive  flres,  such  as  in  the 
United  States  annually  destroy  vast  amounts  of  property.  The  fire 
risk  is  so  much  lessened  abroad  by  this  superior  construction  that  insor- 
•  ance  is  remarkably  cheap. 

II.— BUILDING  m  PAEIS. 

MATERIALS. 

The  city  of  Paris  is  fortunate  in  having  at  command  inexhaostible 
supplies  of  excellent  building  materials,  particularly  a  calcareous  stone, 
which  has  a  pleasing  color,  a  fine  grain,  and  uniform  texture,  compara- 
tively light  yet  sufficiently  strong,  and  which  can  be  easily  worked  into 
any  desired  shape.  It  is  so  tractable  under  the  chisel  Uiat  it  invites 
decoration,  and  has  led  to  the  existence  of  a  class  of  decorative  artisans 
or  finishers,  who  sculpture  the  cornices  and  fronts  of  buildings  after  the 
masons  have  finished  their  work.  But  since  the  construction  of  rail- 
ways leading  to  all  parts  of  the  empire,  and  the  increase  of  wealth  and 
a  desire  to  employ  more  showy  and  durable  materials,  the  architects  of 
Paris  have  introduced  other  and  firmer  stones,  and  Paris  is  now  supplied 
not  only  from  the  ancient  quarries  in  its  vicinity,  but  partly  from  Cham- 
pagne, Lorraine,  Bourgogne,  Poitou,  and  Dauphin^.  Marbles,  granites, 
and  ornamental  stones  are  drawn  from  various  sources :  from  the  Yosges, 
the  Alps,  the  P^Tcnees,  and  other  countries. 

In  the  new  and  splendid  edifice,  the  Grand  Opera  House,  no  less  than 
twenty -four  difiEerent  varieties  of  stone  are  employed,  including  grtuiites, 
syenites,  porphyries,  marbles,  jaspers,  sandstone,  and  soft  calcareous 
stones. 

France  has  also  vast  supplies  of  lime,  cement,  plaster,  asphalt,  and 
bitumen,  all  of  which  enter  largely  into  construction  in  many  ways,  and 
are  generally  used  instead  of  wood,  as  already  mentioned.  It  is  in  this 
country  also  that  the  important  improvements  in  b^torij  known  as  biUm 
agglomdr^^^  ftysthiie  Coignet^  has  been  made  and  has  been  applied  with  great 
success  in  various  important  constructions. 

The  stranger  in  Paris  cannot  fail  to  be  impressed  with  the  beaaty  and 
regularity  of  the  new  streets,  and  the  fine  appearance  of  the  buildings. 
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1^  ImnwH  nn*  f;on<>r»U,v  vrvi'li-il  ur  ii  iiin't'orm  lidgtil  nnd  sizv,  nod  in 
■e  !«imi-  gfiicnil  slylr  iif  itn^ltitfctiin-.  Full  w-ojit',  Imwi-viT,  w  li-ft  t« 
■u  tuMv  tif  liic  Itiiikk-r,  Hn  titi-  viirifty  of  (lm^i»  ftiiti  (inmmtMitH  will 
■Mity ;  I'litli  tmikliii^  may  tlius  liav**  UniivHlitality  and  itcaatj  witliDUt 
nndivHii;;  with  tlic  fji'ueml  apiicnranot'  of  Ihp  Ktiwt,  lu  Ihi«  way  tlitwe 
■RaKnwHlile  coiiti'itHls  w>  U-f>iji)CMilIy  wfu  iu  tbf!  HiicHl.  Htreebf  (iC  Kti^cH'tti 
hU  Amerif-Jiii  mtit-M  aiv  fllH-Mi.'illy  itrevciilwU    Tlic  hmiiM-H  Hre  till  Iniilt 

■  Ktuiitt,  lit  It  Mti't  or  rt'[iHs<H;itr4.-  of  l>i>ui.t  (jiiutorzr  8tyk>.  nnd  uru  gen- 
nlly  tour  or  dvo  Htorif!i  iu  li(.'i);hl. 

KTbRsIotio  priiiripnlly  used  U  tin-  raU-aire  grostier  of  the  Paris  \t»»in, 
■d  tiait  ti  lif^iit  drub  or  cream  color,  very  similar  lo  (Ih)  Uiiieslouf!*  UM-d 
m  buildirigti  1)1  (.'lileago. 

VniieD  tiikfri  fn>m  thv  quarry  il  vn  qiiili-  siitl,  mid  mimitu  of  Iwjng 
pilly  PDt  witli  a  Haw  ur  licived  into  form,  ll  tiardetiH,  bowever,  ini 
KEpoMore  to  tbc  air,  and  in  a  cliuixte  liliu  that  of  l*art»)  rtwiHtH  tbe  eifeirlK 
}S  Uie  weather  for  a  long  time.  This  stone  is  only  used  fur  llie  niijiit- 
Bninture  of  the  buildiiigK,  for,  by  iunnici|»il  re^'nlatioiiH,  tbe  fimnda- 
■HM  uid  tile  ba<4euient!«  on  all  ]>nnei|itil  Ktret't-s  must  Iw  built  of  hard 
iDnu.  The  priee  of  thiif  M>ft  limestone  of  I'nris  Yariex  from  thirty- 
Bran  to  msty-eigbt  frjines  \wr  eiibie  meter,  lu-c-ording  to  the  size  of  the 
Ibcka. 

KOf  the  harder  i«toneii  there  are  some  tliirteen  viirietieH,  xoine  of  Ibem 
IniHl  in  the  immi'xliate  vicinity  of  Parirt.  Tbe  {trice  vime«  uceordin};  Iu 
HtiiMflud  i|iia]ity  of  the  blocks.  Fii-st-class  stone  delivered  at  the 
Kricfl  In  blo<-ks  two  anil  a  half  met^Ts  long  and  one  and  a  half  meters 
Hek  costA  one  hundred  and  iiinety-lhri^  fmiie»<  i>er  eiibfe  meter. 
BUocks  ftve  ivnd  a  ipinrter  meters  lonj;;  by  two  and  a  half  meters  thick, 
ftrhnndredaud  eighteen  frsnes  the  cubic  meter;  bl(>ek«  nix  meters 
wM  by  two  and  a  half  meters  thick,  five  hundred  and  eighteen  francs 
H  cable  meter. 

bbiastiOnc  is  used  principally  for  the  pnrapets,  bakonies,  copings  of 
BdfM,  nnd  nniamental  work  much  e<ci>oM><)  to  the  iiiOnenee  of  the 
INittinrf  »nd  for  HiKirs,  Rtaircase«,  steps,  &c.,  where  a  dnmble  matenni 
iliVQutred. 

HMarUes  are  extensively  ii«mI  in  I'nris  for  fountains,  Btatnes.  &e.,  and 
■r  tbe  internal  and  external  dec<tmtion  of  bnildings.  In  many  of  the 
Bp|i8  beautiful  spc<;imens  of  inlaid  marbles  of  ditfenmt  colors  are  la  be 
Ml  Iu  tile  comilers,  walls,  and  tliHirs. 

Hliere  are  in  Paris,  alone,  abont  twelve  thousand  persons eroploj-e<l  in 
■rkldg  nmrble,  who  rnieive  tVoni  fonr  to  aix  fniucs  jier  day.  Of  the 
■^  kinds  of  nuirble  \\»fi\,  forty  one  are  found  in  Fmnce.  Tlie  prii-e 
KiMfriwi  three  hundred  Hml  foity  frane.'*lo  one  thousand  one  bnndml 
H  twenty  fnine*  per  sipiwre  meter,    rohmnl  mnrbles.  of  whieh  (here 

■  tan  kinds,  cost  fruw  nine  huiulrtHl  ttiid  firty  to  mie  tbousiind  <<>ar  ' 
niMlrnA  lutd  thirty  fntnm  i>er  it<|tuirf>  metre;  Kimiiish  niHrblea.  yellow 

3n 
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;iiMl  vi4»li't,  Olio  th4)usinul  ami  seventy  f nines  persqiuire  meter;  while  the 
tive  liel^iaii  \arieties  vary  from  four  hiindred  ami  t\vc»iity  to  seven  huii- 
(Ireil  and  twenty  franes  jier  s<|uare  meter. 

METHODS   OF  CONSTUr<  TION    IN    PARIS. 

The  followinjr  extraet  IViun  the  Artisans'  Hc^ports*  is  intei*estiii;2r  as  em- 
hodyin^ir  the  obsin^vations  ami  o]>inions  of  a  praeti<'al  mason  on  the  modes 
t»f  eonstriu'tion  ado]»ted  forlionses  in  Paris: 

••  In  the  seienee  of  <M)nstrneti«»n,  and  tlie  jndieious  use  of  the  mati*- 
rials,  stone,  wood  and  iron,  tlie  Freneh  arehiteets  dis]iUiy  preat  skill. 
The  ri«rht  material  is  frenenillv  used  in  the  ri«j:ht  pla<'e.  Their  building 
Ihmii^  eonstrneted  as  mueh  as  possihh*  lire-proof,  we  seldom  read  «if  a 
jrivat  liiv  in  Paris.  They  are  ;^em»rally  well  laiilt.  for  the  biiihh*r  and 
the  arrhiitH't  have  to  insure  their  stability  for  ten  yeais,  and  aiv  held 
aeroun table  durin;;  that  peritul  for  the  expi'iise  of  any  n»pairs  arisin** 
li-om  imperfeet  workinanshi]»,  or  from  <leteetive  matrnal.  The  fn»nts 
aiv  all  built  of  larjre  sttnies,  bedded  and  jointt*il,whirh  run  the  full  thiek- 
ness  of  the  wall.  They  are  laid  dry  on  each  other,  and  atterwanis  niu 
with  ]»laster.  Theiv  are  ojuMiinjrs  left  for  the  drors  and  whidows.  and 
projeetions  for  the  4'ornires,  moldin;;s  and  earvin;;.  When  the  walls 
aiv  rarried  to  their  tail  hei;:ln.  the  masons  work  the  front  of  the  build- 
ing, eommenein^r  at  the  top:  they  finish  and  take  d(»wn  their  sealibldin;; 
as  they  descend.  The  bark  and  end  walls  aiv  built  with  small  .s^juareil 
stones im  the  outside,  and  with  unsipmred  or  rubbU'  on  the  inside.  They 
urelnnldeil  in  plaster:  very  litlU*  rare  is  umhI  in  the  beddin^r  of  this  rul> 
bh*.  as  the  ]ilaster  s<»ts  sihui  uWvv  tin*  stom*  is  laid.  The  tines  to  earry 
otf  the  smoke  aiv  roust rurtrd  with  rartlu*nware  piiH'S  built  into  the 
walls:  and  as  those  walls  settle  uiUMiually  on  the  foundatitm:^,  you  ob- 
serve on  every  jrabK'-rnd  exposed  to  view  that  o|hmi  joints  are  left  elose  to 
the  «|Uoins.  s«»  that  ea«h  wall  may  srtth*  of  it<i*lf.  without  dr»i\viii«;j  the 
i»iher  with  it.  and  rausin.iir  ivnts  in  the  buihliii;:.  Tho.s*  oi»en  Joints  may 
W  tilK'd  up  when  the  work  is  srasoiunl.  Tin*  riiHU*s  aiv  in.»nstniete<l  with 
!i;rht  wrouLihiiron  irinlrrs  of  an  l-si-rtion,  laid  about  two  fi*et  apart,  and 
aivhiHl  from  one  to  tin*  othrr  with  ht»lli«w  biii  ks  lM*ddi*din  plaster.  The 
aivlu'S  aiv  vt-rx  sli:;htly  i-urved.  and  tlu-ir  s]irini:»'rs  ivst  on  the  bottom 
tlanj;i*s  of  the  ;:iitU*rs,  Tin*  soilit  is  dubKMt  up  and  made  level  for  the 
]>lastrr  «if  the  eeiliujL:,  ami  a  sli;:ht  pirn*  t>t  wtHid  is  laid  on  the  top  of 
rarh  .iriivlfr.  to  whiih  tin*  t1«^»i'  l»oaids  aiv  stivufd.  The  staireuises  are 
all  built  ot  lianl  stom\  with  iron  bahiNii-i-sand  hand  mils. 

••Thr  halN  and  eoindt»r'iaiv  uriu-rallv  tiimuil  wiih  marble  s<|aares  of 
various  mlois.  or  a  «-i»m|M»sitit^n  oi'  rfuiru;  and  marble  ehi|K^  tfhieh  is 
i>iT«'n  a  ;:(Kh1  imiiation  t»f  mt>s;ii«-.  Vn y  linh'  wmnl  is  iis^mK  except  for 
u\r  tKKUin;:-Kvinls.  diH»r<,  ^viudoxxs  and  iiNif.  In  all  the  houses  which  I 
•  have  s«n*n,  ihr  s;ini(av\  ainiUiremriits  s«fm  to  Ik*  of  a  very  defective 
t '.laraeter.    Water  i>  us«il  vvry  s)mrin^ly:  iu  fact  they  never  tlii&kof 
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■piut!;  it  riiD  ttirnut;li  ihr'ii- cloM-Iii.  ahliiiiish.jiiil^tif;  from  1]ip  librrnlily 
^■01  whtrb  it  ih  nxpil  in  Unfiling  the  kt'imcU  of  t)i<'  pulilin  Hli-cels  Pitrix 
Hnist  Ih*  almnilaiitly  sujiplit'il. 

^L  "  Wben  tbc  gn)iiiiil  has  bifn  rxraruUn)  rut-  Mip  Imto'in^iit  of  n  tmililiiit; 
Hte  Miini"  work  i>r  that  poitlou  U  cimiiilly  ticOileil  In  mitrt-Hr (■(iiii|M>st'<t  »1 
^pu-  aiul  .'4itiii|,  or  in  wiueut  iiiixod  witli  »auil,  l>iit  all  iibovf  thr  Ktirf»4-v 
■jkbi-dilfil  ill  iMiif  |>l»Ater,  tlio  fxl^imive  iik^  <>!'  wlikli  I'liitMo^  t)i<>iii  tn 
^■eet  thvir  h;iil<liii;;H  in  a  voi^  Hliurt  »t|)(i<;ouf  linio,  and  to  itiu>  any  Kiiiall 
^u|K«>»  of  nt^iiii-  in  tliv  crow*  wiiIIk.  TIic  cvpstun  of  wliicli  ttiis  t)lii>it4T  in 
Hudii  id  ruisffl  lit  tliv  liiti  of  Muiitnntrln-,  in  t)ic  nulmrlis  nf  Paris,  tlif^ 
Kjippl}'  pf  whicli  1  li'iini  in  almost  exhausted.  It  ia  \>rv\>mvii  dosp  to  the 
^naniets  nud  lirotii;lit  to  tbo  w<n-ks  in  siurkn,  wliert-  it  ift  huUI  for  nevt^i' 
KwP  frani'«  tlu>  <-ul>if  mi<tvr.  It  is  u  kikkI.  »trouK.  raaren  mat^Hnl;  thr 
Bwte»  of  tlic  fuel  uiipd  in  the  hnrnin^  iK-ing  iiIlow(>il  to  intermix  with  (Iro 
HRpMiiD,  but  uhou  n'tjuirt-cl  tor  exportution.  or  for  finishing  ami  onin- 
^EiiUU  wm-k,  it  lA  paANcd  tlirongh  a  very  6ae  liair  Hi«Vf<. 
^^*A8  in  London,  the-  bnilding  crei'tiHl  in  I'ariN  in  chiotly  doit<>  hy  von 
^Ept,  liiit  trill)  the  imjiort.ini  dilft-j^ntt^  that  Pai-h  dtwcniuion  t>r  work 
^Eli>t  to  a  coiitrartor  of  that  tratlc  aloni';  wberr^as  in  Loiulnn  tbt:  cntirt' 
^brbtan-  Id  U)  one  jifrson.  Tbi*  ronli-actoni  in  Parixarc  nitmdly  im>n 
^Bp  bive  lut'ii  biimght  ii|)  li»  the  tradt.-  in  iMinntwtion  with  tbu  works. 
^Bbj  euntnivt  for  and  will  nn-iv^^irily  have  tbi.'  ttkilt  lo  dini-t  it  th^uii- 
^^VM.  Tht<  London  contnn-ior,  in  most  rawx.  i»  not  In-onght  n|i  to  any 
^FthP  bnihlinf;  Iradcis:  Ik-  m('rol>:  tlndx  tli(>  nt|>ltal.  and  aonie  othfr  fwr- 
Hpns  sm>ply  thf  U-uins.  It  in  ck-ar  Unit  a  hcttrr  dt-wription  of  work-  is 
KherewUt  of  tin-  l-'i-cuch  systt-m,  wbon^  it  is  exerutJ-d  nnder  tlic  jifntonnt 
H^^<ntitiMMlcm-c  of  a  man  who  uniU-Tslands  it.  and  who  han  a  [w ntoniil 
HHUeiVAl  ill  i'-"*  proper  ojieruHon;  and  that  thero  ari-  grfati-r  fai-iHlitrt*  fi»r 
HhMeady  indiiniriitini  workman  to  advauci-  himst^lf,  iind  lK>iM>nii>  a  con- 
trndur  wmu-  ihiy.  This  luelJiod  of  coutriK-Iing  existed  in  l^ondou  bi'farc 
The  con  cent  nil  inn  of  capital  in  tiie  hands  uf  a  d-wx  and  U  is  Ktill  |ira(?- 
I  iced  in  iiuKiy  of  our  proriucial  tiiwns,  with  the  Baiiu*  t>enf  Itcial  rcwalt  ate 

~"  (Muasou's  contriu-t,  in  addition  tn  Dip  fitouH  \»ork.  iiiclnd<>s  tb* 

bering  iin<l  llio  bilrk  work.    Of  the  latter  them  in  vi-ry  little  don*-  in 

I  haw  only  ubsrrvcd  an  odd  bon»c  built  of  bn<:k.     1  pn-siinif' 

;,  which  in  sixty  frani-s  \wv  thousand  for  luiddliiif:  brick,  is  mhho 

4iueut  to  itj*  uiont  oxtunsivc  hhc 

B  bricklayer  and  the  phu«lvnT  hm-  not  rlistinvt  trndift,  aa  in  l^m- 

I,  imt  ar«  includtMl  in  the  mi»son*H  Inidit,  llio  oi>erulive«  of  wbiHi  «rv 

mUM  into  liiiMmiiui,  p*»»ciira,  und  raraltHm.    The  timiwmiu,  or  wnlUta, 

i  UinDnwcrs,  drains,  and  basement  ntury  of  the  building,  with  nd»bl(>^ 

^o,  owl  »s  ibiFi  des<-nptiou  of  work  requires  vt*ry  little  skill  to  exi^enti- 


II  euijiloyed  Ix-ing  nothing  motv  than 
B^irvpi  four  und  a  i|uarter  to  four  uud  thret 


lulN>n>n 
•tuHrlpr  I 


Miry  a 


niiA  who  lix  the  stoues  of  nhieb  the  fronts  iire  built  ure  i 
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posrtn'H;  tlioy  jrcMirrally  eonttne  tlMMiisrlvos  to  tliis  braiieh  of  the  trade. 
Tlirir  int'tliod  of  tlxiiifr,  as  bi^foiv  stated,  is  to  lay  the  stones  dry  into  their 
phiees,  and  when  t\w  eourse  is  eoni]deted  to  run  the  joints  with  plaster, 
hi  hir^e  hnihlinpfs,  whc'iv  the  walls  are  raised  to  a  ^reat  height  and  the 
stoiH»s  jm'ss  lM»avily  on  eaeh  other,  to  ]n'eserve  them  from  tiusliing,  the 
plaster  is  prev(»nted  from  rnnnin;!:  to  the  front  by  plaeing  thin  pieces  of 
wimmI  about  two  ami  a  half  inches  broad  in  the  Joints,  which  arc  slipped 
out  wh(»n  the  plaster  sets;  and  when  the  walls  settle  these  oi)en  joints 
are  pointed  up.  Owinjr  to  this  ]>n»eaution  of  diriK'ting  the  weight  on 
tht»  f'enter  ot*the  stones,  ycm  will  very  rarely  s(h^  the  moldings  or  other 
ornamental  wi>rk  o\\  the  I'aee  of  a  building  tlushed  through  pressure. 

"  Kxeept  in  marble  tu-  jx^lished  wiu'k,  the  Fn»neli  masons  use  very  little 
eaiH»  wit  h  t  he  IumIs  and  joint  sof  the  stone  work;  they  aiH?  often  three-eighths 
of  an  ineh  apart,  but  as  the  ]daster  with  whi<»h  they  aiv  filled  is  almost 
as  durable  as  the  stone,  and  like  it  in  color,  it  d<H\s  not'atfwt  the  general 
appearance  ot*  the  building.  The  skill  of  the  po:itntr  di>es  not  seem  to  lie 
highly  estimated,  as  his  wages  aiv  only  five  and  a  half  francs  a  day,  or 
one  and  a  half  franc  less  than  the  ntrrtletti\  which  comprises  two  classes, 
vi/:  mrahitrs  in  plaster  and  raralt'ttrs  in  stone. 

'•The  nnithurs  in  plaster  eiwt  all  the  walls  of  the  building  above  the 
basement,  in  which  small  sipiaivd  iU'  nibble  stone  is  ustnl.  Tlioy  build 
all  tlie  fiivplaces  and  fines,  and  turn  the  brick  an*hes  for  the  floors. 
When  the  house  is  coveixM  in  with  slates  or  tiles  they  co;it  all  the  walls 
with  plaster,  and  form  tlie  ceiling  and-corniivs. 

**The  plaster  usi»tl  for  bnildingthc  wallsismixed  with  waterina  wootlen 
tr^uigh,  the  sides  of  whi«*h  sh*pe  «mtwanl  towanls  the  top.  It  is  brought 
to  the  scart*^ld  bv  the  laKmT  on  his  hca<l.  and  when  it  s*»ts  a  little,  the 
fvrii/c  ur  spixvuls  it  on  the  walls  with  his  tn^wfl  or  hands — he  is  not  par- 
ticular which — ;nul  NhIs  the  stone:  the  sioties  an*  phu^tnl  dry  in  the 
ivuier  of  the  wall,  and  attcrwanls  gnMM^Ml  with  thin  plaster.  The  ceil- 
in:is  and  A^alls  an^  all  fitiislu'tl  with  one  coat  of  whatever  thickness  mav 
U*  ns|uit\sl  by  the  uucvenues^  t^f  ih  ^  walls,  which  he  ascertains  by 
phimbiUi:  s^^ivt tls  or  narrv^xx  strips  of  plaMer  at  each  angle  of  tbe  rooui, 
and  at  coux«'nir:iT  tlistauivs  tn>m  each  .^thcr.  Uctwe^^n  the  scivetls  he 
puts  i>n  XX ii  plasTi  r  x\i:h  a  bn^Mn,  h:^  hands,  or  the  rnxwel,  and  forms 
ihe  surfa^v  of  ii  !t  x,-  with  ihr  t-^lu^-  <*f  a  lor.ii,  s:rai?:hi  in^weK  having  ftne 
i^vth  l:kc  a  n.^^^  :  a  V.:t1i-  Thr.i  p^i<:«r  laiii  0:1  and  rubK^i  wiih  the  flat  of 
,1  :ivx\«'l  r.^ikt  s  ::  ,i  r::ir,  >nii»-»Th  surfaiv.  Flu*  t>«r:iiivs  are  made  of  pure 
pla>:«-i  av.il  :;•.:;  «':V,  a  rii*»ld :  bm  xxhev.  xt  :y  !ars^-  aiui  ornamental. 
thtx  .^rt-  do^^t-  >>  !^^i^M«  :>.  x\lu^  make  TV.t  v.;  of  a  i\Mn]^xsition  of  plaster, 
iih:i«v.:rv.  a^^c.  ^'•'Jt .  :\  ^^V.:rh  r,av  r.N-iN  aT>  :v.:«-r:r.i\«>i  toatMstrenirth. 
Ii  ">  biN^A^x^t^i  a:  :W  viok,  a :■»*'*  v,;.i4:r  s^  '.:iV»:.  ai^i  ><•:  >^^  $tnwg«  tluit  it 
n.ax  N  :i::.u  btNi  «:!.  v'.>:<t.  ^^r  r.,r/.t>:  :*^  :b«- >»  alls  ami  eeilinir,  Tbe 
nvt  '■  f  ■-<  vo  >\>v«r  a?>  a  xc  r\  Vi><!a':  /rad  s.k:Vkni  i\a>8>  of  nxirkneii,  and 
an  :v>^',  w  rTv*:.is  a  d:^\.  The  ;r.'»'Wfis  atni  *>iher  T«>ixls  iim^  hv  tkem 
an-  xorx  a«k>*.ir\i  At^d  c!ar.".s:;\  ts^a*^-.  avrd  a5Thtv.ijj-h  xbosv 


I'l'ry  iiiitviirkiiiniiliki!  iiiunDi-r.     Vuii 
)  li]a»U'r  vr  mortiir  n'itli  liia  liatiil 


uo  cmilleot  work,  tlit>y  tin  il  in  n 

Mduni  aH>  ail  Knelisli  o|H>ralivc  u: 

'h'tia  he  liaH  a  t(H>l  tt>  do  it  willi. 

"Tbt>  rara/enrlii  i4l»iR-i-iiiTCKiH)iitl!f  to  tbt<  ti-udent'u  Dia^tuaiD  LodiIou; 

nt  »»  tUo  i)riiii'i]»(l  purt  of  tlii-  work  in  Paris  U  t'secutftl  in  soft  mou^, 

pil  nfliT  tbc  wuUs  art!  built,  while  in  I.iHiiUm  it.  ih  dn»c  wltli  liiirrt  Mouc, 

rorkoil  ou  Hiv  banker  bi^t'ore  it  is*  tlswi,  the  mt'thtxl  of  working  in  tUi* 

I  iilttucu  is  entiri'ly  <]il1t>jviit,  and  uii«  would  hiivc  maW'  ditlioulty  in 

^ng  Uiu  IjmiIh  of  the  othi'r  without  <;oii8iderablo  BXlHsrit-uce. 

fc"The  raraft-KfA  hi  titoiit*  Hit- divided  iuto  twoclivtws,  viz:  tliowwho 

1  the  IHitits  of  the  building  and  those  who  work  the  beds  utid  Jointtt 

jTthe  stone  before  they  are  Used.    This  Iatt«r  eUiss  are  tailed  Uiilleum 

\^-pierre.    Tli«  blocks  of  stone  for  a  Uuilditi;;  are  gcuerally  ilt'iiositwl 

■  its  site  if  there  is  room,  and,  if  not,  on  tJie  nest  eonvenieiit  «i>en 

;  uud  wbeii'cHt  iuto  the  i-eqnirpil  rIhw  tlipse  men  work  the  bedB 

I  joints,  aud  if  the  itttine  itt  roqaired  for  a  molding  or  corniee,  (hoy 

a  the  mold  and  ehniofer  off  tb«  siu'iiloit.    They  fteJdorii  u»ie  a 

let  and  cbiM-l,e\<-e]it  to  rnn  a  draiiglil  around  the  nrri^i,  but  work  the 

itie  with  II  ]>iek,  a  tooth  axe,  and  a  diuinoiid  liuiunier. ,  The  mullet  aud 

I  thi'y  use  very  iini>erfeetly,  but  the  pii^k  and  axe  they  nse  with 

tot  dexterity,  and  turn  ont  a  great  ciuimtity  of  that  kind  of  work. 

ley  never  banker  a  Hl:one  to  work  it,  but  merely  lift  it  on  a  !(lant,  and 

a  tarn  it  more  tloiu  oiK-e  before  it  is  Iluished.    They  have  no  Hbedn 

^iirohtvt  them  from  the  weather,  and  are  paid  at  lite  rale  of  rtix  (VuiKit 

tiny. 

a  ramh-ura  who  work  the  fVonts  of  the  buildings  nrv  the  nio«t 

UftUmen  fu  the  trade,  nndftw  paid  seven  fi-anes  a  day  when  employed 

p<iay  work ;  but  as  n  gang  of  men  generally  do  the  work  of  ii  front  by 

nttael,  they  often  earn  moii'  than  da>  wu;,'*-:*;  but  when  an  arehiteet 

l^nires  (u  hare  his  work  well  doue  be  will  not  allow  it  to  be  done  by 

nlravt.    U.  Due,  tliu  ar<;hite«;t  of  the  luilaee  of  jimtleo,  woiihl  have  the 

mtttf  that  building  done  by  day  work;  and  it  is  plainly  obwrvable 

V  superior  the  work  is  to  that  of  the  tribunal  of  eommerce,  whieh  watt 

aited  hy  eoutnict.     For  the  raraleurH  to  do  their  work,  a  seaffold  is 

1  t*t  tlie  front,  as  the  walls  of  iuo.st.  eilifiees  ai-e  built  overhand; 

I,  oumuieueing  at  the  top  corniee,  they  cut  iu  the  mold  at  e4u:b  ejid, 

i  with  a  pieee  of  twiue  rnbbi'd  with  retl  elialk,  straiiied  frtun  end  to 

I,  timy  stnke  the  horizontal  lines,  inlehing  otT  the  waste  from  the 

ml  wilii  a  hammer  and  cliitsel;  Ihey  then  work  it  verj-  dose  with  a 

ll-axtT,  and  tinisli  it  off  nitb  a  diamond  hammer,  in'  a  [dane,  when 

^  SnrEliCo  rei|iiiivs  to  be  made  smooth.     These  planes  are  alwnt  nine 

I  inches  long,  having  two  irtms,  oiu-  in  tlie  middle  and  one  in  the 

hit,  li>euable  it  to  eiit  into  aa  angle,    Tbeinmsare  mcn'J,\  iIpjo  |iit  ■-.  * 

ml  or  saw -plate,  slightly  btiveled  on  the  eiiltiitg  wlge.    'Iii>    ■tf-t 

o  a  number  of  tlie:w.-  plane-**,  of  alt  sbapeK  and  Kix««,  v 

■  moldings  on  stone,  jiiNt  a«  u  joiner  wmild  uiilkfj 
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oil  wood.  Tln\v  s<»]<]oin  use  a  mallet  and  chisel,  and  when  tliey  do  it  is 
very  awkwardly,  but  execute  their  work  chiefly  with  the  l>ick,  axe, 
diainoiitl  liaiiinier,  and  plane.  It  is  a«tonishin|^  with  what  celerity  they 
linish  ofl'the  front  of  a  bnildin*^,  but  everything  is  in  their  favor;  the 
st4)iie,  beiii;^  of  a  nice,  line  quality,  is  not  flushed  at  the  joints  or  ends  by 
the  working  of  the  plane  or  axe,  and  the  stones  being  the  full  thickuess 
of  tin*  wall,  are  not  clisturbed  on  their  beds  by  the  working.  There  is 
certainly  something  to  say  in  favor  of  this  system  of  working  stone  after 
the  wall  is  built.  In  the  flrst  place,  no  time  is  wasted  on  the  parts  that 
aiv  not  exposed  to  view :  and  in  the  next  place  the  lines  will  lie  more 
accurate,  as  they  are  struck  the  full  length  or  full  height  of  the  building; 
and  although  much  of  their  stone- work  is  not  so  pei'fectly  masoned,  and 
will  not  iH'ar  so  minute  an  examination  as  the  stime-work  in  Loudon, 
their  buildings  will  hn^k  better,  owing  to  that  circumstance. 

••  HowevtT  perfectly  the  stones  may  W  worked  on  tlie  banker,  unletis 
tht*v  aiv  caivfuUv  tixiHl,  von  will  not  have  the  lines  straight,  and  von 
cannot  nnike  them  si>  without  disrtguring  the  moldings." 

in._coiGNi:T  hRtox  Ayi>  concrete. 

Much  attention  is  now  given  in  France  to  the  construction  of  mono- 
lithic buildings,  britlges,  piei*s.  and  walls,  by  tlit'  use  of  a  niixtare  of 
s;in«L  lime,  and  wat«'r.  as  ]UMiH>stMl  and  iK^rfccictl  by  M.  Coignet,  and 
now  knoxMi  as  Coiguet  Ih'Iou. 

This  mixiuiv,  \\lien  ]»roprrly  matle,  mmiu  S4)lidi tics  and  ac^inires  the 
pn*|H-rties  oi  sit»nr.  WluK*  Si»iT  it  may  Ik»  iiioUUhI  and  shaiied  into  any 
desiix-tl  u»vm. 

i\»i!!:non  N-;i^n  is  a  mi\;urc  of  bn^kt-n  >ti^nfS,  lime,  or  hydraulic  lime, 
;Mul  waxor,  and  is  iinnrailx  kni^wn  iu  tlu-  riiitt-\l  Slates  as  etmerete. 
This    a!M>   i*^  r,s^il   :•»   a   o»r.s:diniMi-   fXttui   in   the  o^usrrtiction    of 

A  svaa"  ho.;^*  o':-s:r;;o:i>l  o:  i'.»:^:ir:  N:.*:!  '^as  r  xhibxtnl.  and  eheap 
dwrV.'v.cs  !i*ir  \^N»rk::.r:i  art-  :io«  o»:;<:r.u:::i^  :ii  >«-verjil  localities  in 
Fraiiw.     VI. 's  :v„;:«  r-al  vras  a!^»  ;:vnl  :::  :i;r  »-«r.>tTiu-:ion  of  thr  foanda- 

V:w  :i*ia;»:c»::.*:'.  ot  :'•>  ::.,,:•  :i'  :.»  \,i::-.:<  \>.-:i>:r\H-n«*ns  and  the 
nH:hv>«:  o:  :  r^-v.:':.^  .::a:  ::<:,.  ::  ':  .1^  "^^  v.  :.:*/\  <u»wn  by  Mr.  Leonard 
!V^  v^^:.'.  •*:  •  ..^   •.^:  :'.>    r\>'r:s  -.\  :".?   K\:»*<:::  •'_  ^^rsrs.  ami  to  which 

F>«  v.s«  .  :  - o;.v,i:^  >r  T  rr'-r.. :  vv.v.t:.:  v^'-'.xr^Tc  rV^r  oiXia^i^  walls 
•  >.  v.r  v^^  *  I  '■".:*.  .•:  H.  \  v>    :  t  ^  •. ' :  ■  -^t-. }  a  :> :  ^  ^  ><    :  •.  *  *. .  <:•.>■ :  »ci-     It  is  a^ieftcd 
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not  nl)94)rb«ne-«iuiirter  (if  that  quantity,  and  that  it  takes  almntoiie-fjiiin-- 
ter  as  Umg  to  di^,  and  tliat  wlien  set,  and  if  ma<le  witli  linni  ntoufs,  it 
is  ini|>ermeable  to  wet. 

Tlie  Kiniienir  adopted  a  conen^te  constniction  for  tlie  forty  divellin^rx 
vliidi  he  Imd  erected  t»r  the  French  artituins.  The  niivture  oonrnti'd 
of  tlie  sand,  gravel,  an4t  stoneHdnc  out  of  the  foimdatiouK,  mixed  wi  tli  one- 
eiffht-part  of  Portland  eeinent.  By  the  nse  of  Tali's  movable  ea«e,  or  a 
»iinil»r  contrivance  described  Iwlow,  walla  of  e4>ncrete  (yiii  be  raitMfl  with 
iiecitracy  and  withont  the  aid  of  regular  innwnfl  ami  brickliiyem,  an 
ndvantago  which  those  who  wish  to  secni-c  «  cheajdy  eonstnicteil  dwel)- 
inK,  in  these  days  of  enormous  prices,  will  not  lie  apt  to  lose  siftlit  of. 

METUOD  OF   CONSTItlCTlNli  WALLS   OF    UKTOS    OR   CONCRETE. 

Mr.  Ch»rke,of  New  Haven,  Connccticut,hasmadeusi-of  a  contnvauce 
for  concrete  biiihlin^;  which  consists  of  a  movable  frame  sustaining 
planks  on  the  inner  and  cniter  sides  of  the  wall,  tims  forming  a  sort  of 
Intugh  or  case,  in  which  the  c<nicrete  is  laid  or  tilled  in  by  an  ordinary 
laborer.  When  the  si>ace  between  the  x>lanks  is  tilled  the  <'use  of  iihinks 
is  loosened  by  tnrninfj;  a  screw,  and  is  then  nusetl  and  readjusted  and 
filled  as  befoH'.  Jt  ditt'ei-a  from  the  oitlinary  contrivances  chiefly  in 
this :  that  it  is  su]>i>orted  by  a 


V-v, 


.-? 


frame  from  above,  and  not  by 
IH>st8  set  in  the  gnniud  or 
clumped  to  the  wail  below.  Its 
const  nietion  is  siiown  in  the  an- 
nexed figure,  which  also  shows 
the  manner  in  which  a  hollow 
wall  W  Biay  be  foraied  by  using 
»  wedge  shaped  plank  or  "core"' 
C  C  as  long  as  the  case.  This 
core  is  set  up  etlgewise  in  thi 
s[KHW  between  the  phinks  of  the 
case,  and  when  the  concrete  is 
tiHeiliu  around  it  to  the  top  thi 
core  is  drawn  out,  and  thus  an 
air  space  fnmi  two  to  thn-einches 
wide  is  letY  in  the  wall.  The  eUrkrt  Adju-tabk.  Frame  for  C«IH-Mt* 
outer  auil  in»<>t'  walls  an-  bound  building, 

together  by  tie-bri<'ks  s«'t  at  regular  iuter\-al8  cori-esptmding  to  notches 
cut  in  the  lower  or  thin  edge  of  the  plank.  The  ptank  rests  U|m>u  these 
bricks,  and  the  notches  allow  it  to  drop  down  even  with  the  t^>p  of  the 
ui>eningfhmt  which  it  hasjnstbeentaken,andthns,  asihe  wall  is  carried 
up,  a  coiitinnons  air  spiice  is  left  fnmi  the  foundation  to  the  top.'    The 

■  The  fblliiwiliiE  iin*  tlip  iliiiionniiinH  i>f  Ihi'  frame  ilcai|{nMi  and  nued  bj  H'' 
Jaiflt,  IS  lachM;  NltUKlanl,  6  inches  by  4  inchra;  ann,  4  ioobw  bj  9  Im' 
iMhfli  hjZ  iuohtw;corc<,3iiiM^MMidS)ncbe«;  wall  I  foot  4  \nthm  f  m, 
tl^fertelu,  90  luFb««. 
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otlirriiirtlitxl  of  lVuiniu«r  fOiuTrto  walls  hrtwuni  a  fniiiu'  suppoiteil  fniiii 
iM'ltiw  is  sliown  h\  a  lipm'  in  the  ivjiort  of  Mr.  Leonard  Kockwitli.  Tlie 
apparatus  used  h\  Mr.  Tall  is  sliown  hy  a  tignrc  beyond,  ncoonipanyin^ 
llir  arconnt  of  work  done  by  his  method. 

Another  ^reat  advantap*  of  eonerete  eonstnietion  is  the  faeility  with 
wliieh  tines  aiul  air  passa^res  inay  be  formed  in  the  wall  by  sini]d y  luold- 
in*^  the  eonerete  aronntl  eylindrii*a]  forms  of  metal,  whieli  can  be  raisiii 
or  ilrawn  u|>  as  the  work  }»ro;i;resses,  so  as  to  leave  a  eontinmius  pipt* 
or  line  of  nnitVirm  si/e  and  snitxith  interior. 

It  is  of  the  ;iTralest  imi»ortan<'e  that  the  unit(*ria]s  for  eoiier**te 
shonld  be  most  thoron;ihly  mixed  ti»p'ther.  Sneeess  depends  iiiainly 
npon  ihi.N  }»art  o\'  the  wtuk.  Only  a  small  ^nantity  ot  water 
sh(»nld  be  nsed.  sntVirii*ni  t»nly  to  ^ivr  the  riMpiisite  plastieity  to  the 
nuiNS.  Fiv»'  !!►  six  ]iaris  t»f  .:::ravrl,  or  br(»ken  stiMie,  with  some  Siiud 
atided.  and  i»ne  jiart  nf  i^-mmi,  are  ii'pndrd  as  tht-  pruprr  ]  import  ions. 
Thi-v  shonld  be  mixed  wlu-n  drv.  and  thi'  wati-r  is  to  Ik-  added  slowlv 
and  !lu»ix»nj;hl>  im-orporateil.  It  i^  lH'>t  to  nsr  a  sprinkler  in  order  ti» 
::isr.ir  a  nnil'orai  and  uradiial  ^^^■^in::  nf  thr  ina^<. 

nrii'N  AM>  tmni  KF.rr.  r.i  ii.pi>ii  in  K>«ii.AM»  am>  France. 

l\»!i>>h  liiii;  the  i^uai  ait«::iij»:i  wjiiili  ha^  Ihi.-ii  ,s\\fU  nf  hiit-  to  thi> 
uu;hi»*l  »•:  "»:;'.'.»'.r..i..  .i:^l  ::>  v.iij»*'i:.i;n  i  :»i:hr  pi-«'iilfi»:  tin- 1' nitt-i  relates, 
'.;  ;>*;ti  V..O*.  :i/i\:v»Mi,  ::i.r.^:i  :!i\i«l\  ■.:;^  s«iii.i-  n-j't-titii'ii.  I**  pies«-ut  llie 
:i«"..»'\».:.^  I  x:i-.ui>  ii.«\    :'..i  r»:::"«'i  i  vvh:,  ii  »..:.:ai:i  ii\;ti'.\  valuable  details 

■■  I  ..t    »iii\  a ::"..; y.1  >  '•  1.".      .•■-•".     '.•  .  ..'..*. f  '.   ^.'1>      i: i  a:!."*:»i:!i;t-S.  jMKS^.-vSfS 

.i-s  ,s   .'■.;■..»»."..  ^  ::..'.'^ '. ;.: » •.  .  .".•  .•..     ■*«!.  <■>  i.'-.iV  ti-iii^'ij-^tr;*!*-*!  Tliat  it 

x^  .  .^  «» ■.;s  ::■.::•.>  :  •  :■  :.  .  ."-.  :'.  :...  i:  >,  :^  :'...:•<,  a  :.:.i::rr*«!'  surprise. 
T..I  V4  ..  ;\  ,;■..:. i^i  «• .  :.'>'.■.:  : •  :."!..  .'  ' .. .^  "...  .T«  : ....  ."*  :.-t  ::.••:»-  •«tr»*nadi»pr<*d. 
:s.."  ..:":".    ■.  :"  '    v    :<::'....'',■• ."  ■  ^^  :  :   :!.-■  '\..rk:!i^  r!a*i^.-s. 

^     •  •-  ..^  :.■  :        .   --     :  ■>  ! '  tl  ■:„.::. ^  >-^t?iV.  its 

»'  ...  I  .  '     ^    .:  :•-■■.  T     •  '■:*-•  ..ii»-tl   bv  the 

.     ^.  .  ■     .       '        •      ■  . '..TT. •.:'::—*  «*t«>wl ill 

'  .  .      '^  .  .  .  "^^        .  .    "..-    .:'.■•  .ir^iTii'*  and 

.    ^"^                 ■.-...  -       .^•".  ..r  ^".:.     Kxot-pt- 
-.  ^              ^  ^    ■               *.     V  ■   .      ■■,    :  .•  rs.  !!.^•!ud■ 
^  .       "  "  ■    *:•..■'-  •  x.iT!'ples. 
^        '^     -  ^-     . .    -:  -;^  :.,:•  ra|»- 

-.  *      •  ^*       •^'N.  >.-wr-*»-iloii 


1  imhlic  wrtrltN  ill  llii-  Tiviidi  i-ji|iiul,  in  f\My  ini4l»iiiH-  willi  tliiMiuinl 
KfMUii«f'(K^tur}  n'Mtillii.  This  arlillciul  xtouc  in  iirodiiL-t'd  stiiiitly  l>y  ii  tiilx- 
tun>  itf  iiiiy  kiutl  of  naiid  with  a  situUl  quantity  uf  liyUniulif  lima',  to 
wliiub  uccamitually  i«  a4lilpd  n  triding  ijuautity  i>f  wiufut.  No  new 
iiiiil.erial,  we  belipve,  ia  em|ilojed  in  the  p^)dn<^^ian,  »nd  iiiitwilliMiaud- 
"  I ;:  tb^  grvM  prgtHtrtJoii  nf  t  lie  Naiid  ntM>d,  an  ni'tidt-iiU  aftiut-  Ik  (>bUiiii<-<l 
hii>h  i-t  hnnler,  mom  butting,  tinti  WUev  able  ti»  witii!<Uiid  lb*-  vbtiiifce 
I  i'liiiu>t4v«,  tu  TC'siat  fruMt.  butit,  drought,  ttiid  inoistnn-,  tliaii  many  uat- 
::.il  »1unLvi.  By  fiui)b>yinj;  >iiiporiur  nmU-riiiU  »  hIouv  ih  (ibtuuif^l  u<]»hI 
<>  in^nitv  or  juraxtunp.  It  can  b(<  mobled  into  thi>  must  dWiutt«.'  forms 
<i  art,  ami  hnH  the  advantage  of  banleniuR  iDsteiul  of  anflfnin);  in  the 
.  I ! .  airi^nrdiiig  to  tb«  well  known  taw  of  mortars  and  nHiiTi'tcii.  Ainoiif; 
K'  luorp  rerciit  ooiiMtmtitionit  with  tieton  agglomtf'K^H  ma;  \w  named  the 
MipfKirting  wall  of  tb«  Uoiilevai-d  de  I'KmjH-n'ur,  miuu<iirintr  thirteen 
tboii^aiid  cubic  mvlers,  with  oninniental  stAinvvsi!  sev«n  iiivU^rH  widt.''; 
liit^'  viitdls  twelve  thou^iinil  cubic  meters;  tlie  Hn<)ergrouiid  draiiiit,  twelve 
'hoiiisiind  eiibic  melerM,  and  the  wuter  and  river  workx,  twenty  iJiouHiuid 

ter«,  at  the  tiew  Kxbibition  buildinf; — iiliout  tbirty-otie  EngliHb  miles  of 

I  iver«,  bon-ueks,  and  numei-oiw  other  works  for  thu  city  of  J*aris. 
i  id<^.  i'misiaa  pugiiiecrM  and  im:hitec-t«  bold  that  this  m»te.riHl  eatuiot 
<<  Horpassed  in  ii|>i)li('iitiiinH  fm*  undergroimd  and  foundation  workn.  It 
-  •-iiiial),v  well  adiified  I'm-  linildingH  of  greitt  heigbt,  an  may  be  M>en  by 
lifebiu'cbatVeKiijel,  The  bell  towerof  tbiKchart-b  i^  forty  niet^rm  high, 
•ml  *»  are  ussuivd  that  it  has  not  aiiHered  in  the  Imist  from  vibration 
JKsiiikiug,  At  his  maniifaf;tory  at  St.  Uenis,  M.  C'oigiu^  hm*  siiecpeded  in 
;  Ktoiies  that  siiri>aHS  natural  xtoneH  in  bomof^iieous  formation, 
I  in  the  iH>wer  of  retnslanee  agaiiittt  brt^iking,  IVnst,  drongbt,  or  nioiit 
l^at  n  t!OH[  ol  lifty  |H-r  ivnt.  IfiM  than  tlie  ordinary  material. 

e  lime  n^-*  sjicnmeui  "f  tlie  rheaiier  et»nen>t^  were  jiubmitted  to 

ft-finipenH  of  the  FnMieh,  and  bis  Mme-stj,  rwogninitijc  the  im|iort- 

pof  econom\  in  this  elliHs  of  constnietion,  oi-deret)  forty  boni^H  for 

'kmen  to  bu  built  wilb  it.     A  {lieit-  »f  ground  wim  itbtuined  in  the 

A«fiiiiii>  Dnsmenil,  and  the  dwellings  are  uow  being  expoiiti-d  from  Utu 

r!ri]n'riir's  own  desigun,  by  air.  W.  E.  Newton,  eivil  eu;{ineeT,  of  Cliau- 

<  ly  l.aue.    About  half  the  number,  we  believe,  are  aln<ady  tUmked. 

'  >  t    -.iif  doulile  hou'ti's  of  tlirHi  utorieA  iii  beigtit^  ea^-.h  furjiiMbing 

lit  ion  [<ir  M\  lamiUeH,  eaeh  taiiiily  lioing  pitividail  with  lliree 

I-,  initnety,  a  eotting  nutm,  i,Mt  met^^D^  by  .■J.17;  Itetl-nKini,  3.1ft 

,>    1.47  nieU-iw;  kUeheu,  .(.17  inetern  Ity  y.(K.  with  eeUar,  wnlw- 

.>i'l,  ^c.     A  HiinUl  ihiier  etuirt  al1oi-d»  bgbt  to  the  bnek  rooms,    lliv 

"■r»,  wiiulowH.  and  stairs  have  lM>eu  made  by  luaehiuery  outHide  of 

I'.iriM,  the  woodwork,  voinusting  of  deal,  syeanmre,  and  oak  sills.     Xlu* 

I  sittiug  I 


ll  call  lie  inude  at  a  i-OHt  of  twenty  thnt*  ti-viucs  a  i>tur, 
,  llitfi  kitcboii  with  a  e^ikini;  )V|i|iiiraIus.     Water  and  nii»  wijijj 
Ihe  n  liter  >'h)MfU  urt^  to  be  fitted  U[i  in  the  F.Dglisli  t 


Mth 
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ill  (M)nip1iaiK!0  with  tlie  orders  of  tlio  Emperor.  The  floors  are  of  con- 
crete and  iron;  the  ehiiiiney  flueH  round  and  smooth  intenially;  ami  in 
short  the  entin»  tenements  are  bnilt  on  the  ordinary  iionei-ete  priiieiple. 
Tin*  <h»si;:!:n  shows  no  arehiteetnral  ornamentation,  but  is  phiiii,  iieat,  and 
sid)stantial.  B(»sides  Mr.  II.  K.  Newton,  the  resident  areliiteet,  and  an 
Kn^^lish  foreman,  no  skiHed  hdntr  lias  been  emph\ved  in  the  building, 
the  <»iitin»  work  1iavin<>:  been  done  by  ordinary  French  laborers,  at  two 
francs  (fifty  cents)  a  day.  The  cost  of  (»a<*h  double  house,  acconiiiiodat- 
in^if  six  families,  will  be  about  five  hundred  ])ounds  sterlin*^,  exclusive  of 
the  land,  whi<-h  wasobtaincMl  after  considerable  difficulty,  and  on  mther 
hijrh  terms.  The  whok*  outlay  is  bonie  by  the  Kmperor,  but  in  what  way 
it  is  intended  to  dispose  of  the  dwellin;j:s  is  not  known.  We  are  also 
unabh'  t(»  say  at  wliat  rent  the  dw<»llin^s  will  be  let.  Sufficient  ^lund 
has  been  mark(Ml  off  for  a  blm'k  of  sixte(»n  achlitional  tenements.  The 
coui*n»te  used  by  Mr.  Newton  consists  of  four  measuivs  of  larj»:e  g^vel 
stone,  four  nusisures  of  sharp  sand,  and  on<»  measure  of  Portland 
cenu'Ut,  mixed  in  tin*  usual  way.  The  walls  contain  about  forty  i>er 
cent,  of  con^huiu»rate.  We  may  mention  that  Mr.  Newton  has  also  in 
course  of  constnu'tion  a  number  of  two-story  lumses  in  concrete, 
intended  for  dwelliii'rs  for  the  workmen  of  the  iitH'iet/*  AnoniffMe  rfew 
For//c/*  ct  FomltivM,  at  Montmartre,  a  lew  miles  fi-oni  Paris,  and  likewise 
one  or  two  ju'ivate  villa  residences. 

"  The  KmiHUHU*  of  the  French  has  here  si^t  us  a  «roiKl  example.  It  is 
a«rn»tMl  on  every  side  that  owv  of  the  most  ]n*<*ssinfr  <piestions  of  tlie  day 
is  how  to  pn>vide  suitable  homes  fiu*  the  ]hxu\  To  stune  extent  the 
(piestion  has  been  pnictically  nu*t,  but  only  ])artially,  and  not  so  well  as 
it  mi^ht  have  Ihhmi.  Ooncrete  constructions,  it  can  Ih»  shown,  are 
cliea]»er,  lu^althier,  and  safer,  and  theretVue  better  than  tmlinary  liouses. 
The  objection  in  a  sanitary  pt»int  of  view,  to  all  the  common  briek  and 
lathautlplaster  cimst  ructions,  is  their  absiu-bency  of  moisture,  and  in 
closelv  crowded  habitations  their  absorbencv  of  miasma,  i^oncn^te  is 
not  by  one  quarter  so  absorbent  «»f  moistun*  and  damp  as  brick,  while  it 
jjives  a  washalde  interior  sin-face.  Its  jrn'at  economical  quality  is  that 
concivte  costs  about  one-half  the  price  t>f  brick-work.  The  Waterlow 
motlel  dwelliuirs,  which  have  tiUMied  out  the  most  remunerative  of  their 
kind,  pay  alnmi  tive  ami  a  half  |H*r  <*ent.;  but  had  concrete  lx»en  usetl 
as  a  buildiuiT  material  instisul  of  brick,  we  iH'lieve  tliest*  houses  wonld 
have  yiehliHl  si»ven  and  a  half  ]H»r  cent.  Laboriutr-class  tenements,  built 
of  brick  on  the  most  economical  plan,  will  cost  one  hundretl  iM>uuds 
sterliuj^r  tor  livintrn^un.  Ih^iI  n>om,  and  scullery :  the  s;une  thing  can  be 
«Kuu»  in  conci>»te  at  a  cost  of  st»venty-tive  |Hunuls  sterlinjr  for  eaeh  sepa- 
rate dwelliujr.  Wf»  s;iy  In^tter,  for  the  walls  and  nM»f,  liesiiles  bein^ 
stivujrer,  will  1h»  nearly  im|MM*vif>us  to  wet  and  damp:  the  interior  walls 
will  Ih»  washable,  the  dividins:  walls  less  jn^rvioas  to  sound,  which  in 
cKks^*  tenements  is  a  jjnsit  comtV^rt,  and  the  whole  will  In*  ftre-pnwf,  for 
there  will  1h'  nothiu;:  but  dt^irs  and  windows  io  bum.  We  hear  that  a 
niimlKT  of  i^enilemen,  including  s^'venil  well-known  sauiniiy  reforvieri 
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and  .iirliitects,  convinced  of  the  great  advantages  which  this  material 
ofters  in  the  conatniction  of  improvt^  dwellings  for  the  iK)orer  population, 
at  lower  rents  than  has  hitherto  been  jmssible,  are  endeavoring  to  form  a 
company  with  the  object  of  erecting  houses  of  this  class  in  the  metn>polis, 
and  generally  of  making  capitalists  and  others  better  acquainte<l  with 
the  merits  of  concrete  for  building  puri>oses  of  every  kind."^ 

TALL'S  method  OF  CONSTRUCTION  AVITH  CONCRETE. 

if 

Sortie  valuable  det^uls  regarding  Mr.  Tail's  method  of  concrete  con- 
struction are  given  by  him  in  a  communication  to  the  Builder,  (August  3, 
1S67,)  in  which  he  maintains  that  his  system  of  building  fs  far  sui)erior  to 
the  use  of  concrete  in  blocks  or  "  lumps,"  as  i)iH)posed  by  Mr.  May.  He  says : 
"  His  blocks  are  made  one  day  ami  laid  the  next,  necessitating  a  larger 
proportion  of  cement  than  one  in  eight,  as  in  my  conci-ete,  and  thereby 
sacrificing  both  strength  and  economy.  I  am  at  a  loss  to  understand 
how  he  can  call  it  concrete  building,  as  it  is  built  with  cement  blocks 
as  bricks,  and  with  a  large  pi*oi>ortion  of  bricks  in  chimney-jambs,  &(?. 

"  He  thinks  hollow  walls  far  beyond  solid  ones.  I  dilier  in  opinion, 
and,  at  the  same  time,  think  he  must  be  totally  ignorant  of  my  system 
of  building,  or  he  must  know,  in  the  way  my  lumses  are  cast,  in  one  solid 
bhK'k,  I  have  only  to  insert  cores,  say  two  feet  long,  two  inches  thick, 
and  nine  inches,  ten  inches,  eleven  inches,  or  twelve  inches  wide,  in  the 
renter  of  my  mold,  and  four  inches  or  six  inches  apart,  in  the  same  way 
that  I  form  the  recesses  for  my  joista,  &c.,  and  I  get  the  hollow  wall  he 
thinks  so  much  of.  A  six-inch  wall  may  be  made  hollow  by  one  and  a 
half  inch  cores  or  prints." 

The  jiccompanying  figures  show  the  construction  of  Mr.  Tail's  bracket 
scaffolding.  It  will  be  seen 
that  the  brackets  or  platforms 
P  are  sustaineil  by  clamping 
them  to  the  walls  W  as  they 
are  bnilt  up,  holes  or  cores  c 
l>eing  lett  for  the  insertion  of 
the  tie-bolts  b.  The  case  is 
also  shoM^i  in  section  above 
the  scaffolding  and  in  plan 
on  the  right.  The  latter  in- 
dicates the  method  of  form- 
ing the  angles  of  walls,  fire- 
places, and  joints  with  win-  Tair«  Bracket  Scaffolding. 

dow-frame«.  The  figure /on  the  left  shows  the  form  of  the  short  cylin- 
der, provideil  with  a  handle  at  the  top,  used  for  making  flues  or  air- 
passages  in  the  walls. 


^Mr.  Newtou  given  the  folluwiiig  dcMcriptiou  of  the  nature  and  composition  of  Um 
concrete  which  has  been  HUcceMfully  uimmI  in  conMtructing  the  EmperoFs  ** 
— rrtfuM^  in  the  Avc^nne  Dnnmenil,  Parid,  and  aIho  that  used  by  him  In  the  V 
fledoat  in  England:  ''In  Piuria  we  uaed  one  part  of  Portland  eeBMnt-(C.} 
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III  repmi  to  the  cost  of  Mr.  TalFs  building,  and  the  character  of  the 
labor  employed,  he  says : 

"  I  commenced  two  houses  on  Monday,  the  22d  of  July,  and  on  Sator- 
day,  the  27th,  my  houses  were  up  nine  feet  six  inches  in  height,  the  work 
done  being  ecpial  to  laying  fourteen  thousand  five  hundred  and  eighty 
bricks.  The  whole  of  this  was  done  in  forty-three  hours,  by  two  labor- 
ers and  one  strong  boy.  They  fill  the  api)aratus  every  day  in  seven 
hours,  (excepting  on  Saturday,  when,  owing  to  so  many  gentlemen  vis- 
iting the  building,  they  took  one  hour  longer.)  I  have  no  hesitutiou  in 
saying  my  two  liouses  will  be  up  and  covered  in  by  August  10. 

"  My  men  being  laborers  do  not  understand  work  by  the  rod,  and  take 
it  by  the  superficial  yard  of  nine-inch  work.  Fourteen  thousand  Ave 
hundred  and  eighty  bricks  will  do  one  hundred  and  forty-five  and  three- 
quarters  superficial  yards,  w^hicih,  at  sixi)ence  per  yard,  equals  £3  12«. 
lO^d. — the  amount  earned  by  two  men  and  one  boy  in  four  days  and  three 
hours,  which  1  paid  on  Saturday  last.  When  the  houses  are  ready  for 
the  roof,  the  labor  for  the  walls  will  have  cost  me  £7  5s.  0^.,the  amount 
of  work  being  equal  to  laying  twenty-nine  thousand  one  hundred  and 
sixty  bricks,  including  moIdcMl  reveals  to  windows  and  doors." 

PISE  WALLS. 

Cottages,  the  walls  of  which  are  constnicted  of  clay  and  gravel,  and 
known  asjf>m^,  are  (M)mmon  in  some  parts  of  Europe  and  Great  Britain. 
The  mixture  is  pressed  or  rammed  into  a  frame  like  that  used  for  con- 
crete, and  it  answers  very  well  for  dry  climates,  but  when  exi>osed  to  rain 
or  wet  must  be  protected  with  a  coating  of  plaster  or  cement. 

IV.— AUTIFICIAL  STONES— CEK AM IC  MATERIALS. 

NK poll's   KEW   wall-slabs. 

Mr.  H.  Nicoll,  of  England,  exhibited  in  the  English  section  a  new  kind 
of  wall,  for  which  he  claims  great  advantages  in  non-absorseney  of  moist- 
ure, non-condu(!tion  of  heat,  ec<momy  of  spacre,  a  washable  surface,  and, 
withal,  cheapness.     It  is  des(;ribed  by  Mr.  Cha<lwick,  as  follows :  *    *'  Over 


Sons)  to  livo  jKirts  of  lar^r  jrravrl  stones,  varying  in  size  from  the  size  oi'^MMirl  barley 
to  that  ol"  \H"As.  The  tinr  san<l  is  siftrd  or  screened  ont,  pnt  on  one  side,  iind  uimmI  tor 
making;  stneeo  for  t'aein;;  tlie  work.  At  this  phiccj  1  tind  it  more  eeononiieal  tn  nse 
l)nrnt  hriek  earth  or  'hriek  halhist,*  as  it  is  eaUetU  from  whieh  I  sift  out  the  very  fine, 
and  add  one  of  Torthind  eement  to  eij^ht  of  halhist.  This  makes  a  very  lianl  wall.  1 
have  even  redu<r<l  the  eement  to  one  in  ten  with  iM*rfeet  sueeess.  I  bum  the  ballast 
mys<'lf,  and  it  <(istM  m«*  under  two  shillin;;s  per  <'uhi<*  yanl.  Thereftire,  if  we  take  one 
yard  of  halhist  at  two  shillings,  and  two  and  a  lialf  bushels  of  eement  at  one  nliilling 
tenpeni-4*,  we  sliall  hav<»  a  eubie  yard  of  eonerete  for  six  shiUinf^  sevenponce,  t« 
wliieh  a<id  tw(»  shillings  thr<M>penee  ))er  yard  for  labor,  and  we  shall  find  that  we  ean 
put  up  a  sup«*rlieial  yard  of  nine-in<'h  work  for  h'ss  than  three  shiUiu/y^  One  ^(entlo- 
uiau  ventured  to  ([Uestion  the  possibility  of  luiihlin^  a  wall  thirty  f<H*t  high  in  nine* 
meh  work.  I  (uily  say  that  this  has  U'en  done  by  Mr.  Tall,  and  the  houBes  so  con- 
Htnieted  have  1m>4Mi  mdd  by  him  at  a  very  largt^  profit.'* 
'   *  Britiiih  Ke|»ort4  of  the  PariH  KxiM)8itioU|  vol.  iii,  p.  2:<2, 


KATEHULS   AJJli    METII'ID.S    OF    r:ON8TRU('TIOS.l 

I  iVntncwfU-lc  fif  Ktriiiig  iTO*t- wires,  uf  nlMnit  oiif4'ightIi  i.f  an  incli  tftfdt;^" 
!i.if  i,i  woveti,  1>\  ft  |ii>wi'rfiil  iin-ssiin.',  titmiiiM  niiittrr,  which  Is  satiH 
I  Till  withiiHolutioD  that  rt^ridL-rn  it  Hre-pruof.  It  in  then  Hiitijpi;t(>(j  to  a 
I  ly  powprlul  prt'fwtin;,  A  «oaUiiK  ol' light  a<;<»tl's  nfiiiPDl,  misw!  with 
;■  irian  ppiDuut,  is  then  [int  U[h«i  it  for  iimda  fapiny.  and  iif  I'oi-fliuHl 
'  riieut  for  tln>  mitKirifi  fa4-iu{;.  The  sarface^  ai-e  imiMTtnt^aliic  to  luoiHt- 
rr,  iiinixHU,  and  wa^liahlo  witli  wat«r,  «o  ii8  tu  ttiivi^  thi^  t;x)>ciiM-  of 
:  <  l»-nr«Hl  lime  wiwliin^.  It  is  formed  into  elabx  iu  iron  frHDiot,  which 
!■  iiiit  t(>)^tlit!r  mill  (rlasfly  and  !m<vU[«1,y  fiMtvui^  with  holtH.  The  hIuIih 
G  from  otio  and  a  half  iiidi  to  four  im^hi^H  thick.  Tht'so  slabs  nerxt}  an 
leriur  imurlin^  for  dividinf!  wiillit  and  jiartitiouB.  Wbt>rt>  aytactf  is  of 
iniK>rtanirf<  it  liiw  the  wlvantafre,  purhiipH,  ovpt  i-oncretf  watline,  in  enn- 
tng  a  wall  to  ho  inivlv  of  not  iuon>  than  one  nnd  a  half  inch  or  two 
ihra  in  thicknoHs,  and  yet  it^  quality  greatly  deadens  winnd.  It  Iui8 
>  gMat  Hdvunlagra  for  wenthcr-pronf  i-ooflnii;,  niipcnor  to  Mato  or  (ik-, 
ngh  not,  MS  I  conmve,  fln|>erior  to  wptl-made  hollow  hrlok  (when  it 
I  be  got)  lied  togetJwr  with  iron  ties  and  i-overed  with  layt-rs  of 
|)liBlt  and  cement.  In  the  Prince  Coi)Hort'.s  niodeJ  the  principle  uf  the 
it  roof  WHS  adopted,  bnt  nonu  of  the  model  dwvllin);»  in  the  Kxhibition 
iftVe  attuiniHl  to  that  principle." 

RA.NSOMB   ARTIFICIAL  STOSE. 

pThia  in  n  rem  nrk  able  and  important  componnd  for  building  piirpoftM. 

J  exhibited  by  Mr.  Frederick  Ranaome,  of  I^ondon,  Ihe  inventor. 

B  taltM  cleun  riimd  nnd  hinds  the  piiins  to<j^>fher  with  a  cement  of  Hjli- 

B  nf  Ihue,  prwiucing  a  hanl  and  cmlnrinjr  miiMS,  fnlly  etjual  to  sand- 

P&Y)in  the  qnarry.    It  is  said  thiit  the  Htrenj^h  of  this  componnd 

"^"ven  e.^<;eeds  that  of  most  of  the  rocks  commoidy  used  in  bnihling.    It 

ran  be  molded  into  any  desired  form,  either  into  solid  or  hollow  n'ctaii- 

guIarUlock^  or  into  elnbonvtely  carved  and  ornamented  moldings  or  enpi- 

i  for  t?<ibinins.     It  is  in  exteiiNive  use.  mid  is  bir^-elv  iiiannfiiclure<l  by 

RPateiit  Concrete  Stone  Company, 

THK  MAllEZZO   MAKBI.K. 

I  is  an  iirlillciiil  comimund,  which  is  formed  into  alnbs  of  anj- 
^ired  niise,  or  into  moldetl  work,  or  cornices,  as  may  be  iTtpiired.  It 
nc<d  for  it  tlmt  it  is  the  moHt  perfect  imitation  and  substitute  for 
s  inarbk'!*  that  IitMyet  been  pi-iMluced.  It  in  solid  and  diinible,  and 
3lAnIn«?^  alhiws  it  to  tnkc  a  higli  polli<h.  It  has  the  great  a4lvantage 
r  vtlloco  or  »c4igliolu,  thnl  it  ctin  Ik-  made  at  the  works  nnd  In-  at  once 
I  rafudly  put  into  phku<  in  bnildings  without  the  delay  which  neces- 
ily  altvuds  the  exerntion  of  stneco-work.  It  is  applicable  eH]H-iuully 
J  the  dceunilioij  of  interiors,  halls,  stairways,  widlfi  of  ehnrehes,  hotel^ 
uud  ptirate  booses.  Ii  vm*  exhibited  by  II.  li.  Cox,  Old  Kejit  lioiul, 
i^  E.  Ijttiidon,  Knglun^l. 
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TILKS  FOR   Fl.OOKS  AND   WALLS. 


1'li(*ro  wsiH  a  profusf*  uikI  brillisiiit  disphiy  of  phiiu  and  oniamental  tiles 
for  floors  snid  walls  in  the  English,  French,  and  other  sections.  TlM*y 
are  fn*<»l>  ns4»d  abroad  not  only  for  floors  but  for  wainsc^otiug  aud  the 
exterior  as  w(^ll  as  interior  deeination  of  walls.  The  English  exittageiu 
the  park  was  almost  lined  with  samples  of  tiles  of  all  kinds,  ui>oii  the  floor 
an<I  on  tin*  walls,  showing  the  nnumer  in  which  they  arc  used,  partica- 
larly  in  kitchens,  around  the  ranges,  fireplaces,  and  sinks,  and  wherever 
it  is  ne<'essary  to  wash  and  scrub  fre(pu»ntly.  The  chief  eonsuniption  is 
for  floors  of  public  and  private  buildings,  churches,  bunks,  and  ware* 
houses,  in  vestibules,  halls,  libraries,  dining-rooms,  hearths,  and  eonsen- 
atories. 

TiU^s  may  be  grouped  in  three  class(\s — plain,  of  various  colors,  enc^uis- 
tic  or  inlaid,  ami  enamch'd.  The  usual  colors  aiv  butt*,  red,  black,  drab, 
chocolate,  bbus  Jnul  white*,  aujl  the  shapes  arc  squares,  octagons,  liexa- 
gons,  and  their  divisitms,  so  that  almost  infinite  changes  may  be  made 
in  the  patterns  by  c(md)inations  in  laying. 

The  cMicausiic  tiles  aiv  made  by  cutting  out  the  designs  or  engravinjr 
them  t(»  a  ('(MisiderabU>  depth  in  the  unburnt  tile,  and  after  tilling  the 
indentations  Si)  tormeil  with  pastes  of  different  cohus  the  whole  is  burne<i 
together.  The  tile  thus  math'  is  nearly  homogenemis  in  its  composition, 
and  the  design  lUu^s  not  wrar  otV.  The  emuueled  tiles,  which  ait?  made 
aiul  usttl  u|Hm  the  contini*nt  chiefly,  are  very  ditft'ivnt  fmm  the  encau^ 
lie  4>r  inlaitl  just  describrtl.  The  designs  upon  the  enameled  tiles  are 
luunttHl  on  \\i\\\  the  brush  and  thru  burned.  The  figures torm  a  sniier 
tieial  coaling,  whirh  is  s<hui  obliii-rattMl  it  rlie  tile  is  cxikisciI  to  wear. 
Tiles  *»f  this  drs**npiitni  arr  >niiabh-  for  w;dl  d^vorat ion  only.  They  are 
usi»«l  lor  the  tVtuits  of  building>,  for  In^nlrrs  to  gi'jitfs  aud  tireplaces, 
aiul  tor  iTi>*'rtion  in  waiuM-ots.  uiautrls.  and  furniiuiv. 

The  pviuri]»al  exhibitors  wrir  tin-  Mi-s>rs,  Minion,  of  Stoke  iqion 
TirUi,  Kp.iil.i'iti:  Mr»i>.  Maw  v\  S«iu.  ot"  iK-iithall  wurks:  Bruseley. 
Shn*p>h-.u,  aud  Mulkiri  vV  i*o„  Ne\\]H»i;  wmk<.  liursh-m. 

It  »s  !io\\  als»u:  lainx  \rai-s  <i:;\r  Mi.ss!>^  >liiiti»ii  i\  Co.  I  if -ran  the 
:iMv.'.;::u  :;r.x  ,i<  .».:  I'lXMi.i  »oud:u:ttl,  a'.nl  :.•:  ::ir  p;is:  t-ighii-t-n  yvars 
:h«  \  *!.»\\  :yt  V.  :t  •.•:x  M  v.it'.l  ::i  :'f.i  rv.'.rol  S:.::«>.  !»v  thr  tirni  •»f  Miller 
k\  i\a:f^o:  Ni\^  \.»:k.  T'l*  :.is:<  .i:."I  '^^^rs*  >vr.»:.,v  of  the  lattr  Iler- 
Nt:  '^l.-.  :.'-  .  %••;  a  l.^v.^  :.'..«  :V.i  lu.u:  x<  :'..<  r.r:...  :v.:5:h:  ;bf  mannfae- 
: /,iv  :.'•>:»•. -  M  •. :  ^m : »  , •:'  *  \^ ^  '.^  : ., \  • :.  ^ v ■'  »:^.  ' . . . :^ I ..t><^  .md  a*vuracv 

.-.^  •..  :'..->  ^>:.i'  '^*..v..t-  :  .  :«.  -.  \:^ :  >;vt-!y  us«^l  iu  the 

.:..■..•  :,..-.*.  /:\i  **'     ^    :  :•  '.  \tT>  jviri  of  the 

'.  :"  .  .1  ^  >k  ..:•..'  i  .  .  .:\  .-r  "^-k  T  **.  kts^wu  io«ii  iu 

,\:i-v    *  ,^    .  .*  \\  •'■.',' .<:  NN  .iv  .-•..^i.v  ,  f  v.vi::*%'.  v..  Uc  ;?«^din!vr»^n  of 
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Tlii'tileHiiiaik'  l>.v  tliim  firm  nn-ufttiL-  twukiii<lit — cucitiiKlicoriiilnidiiirKl 
ih.-  |)lain.  Tln^  liitUT  mv  of  varions  sisn-s,  tlic  liirgojft  bi'iiiH;  »i|iihix-»  of 
- 1  \  liy  «x  iii<:lii'H,  and  octafroiw  uf  ut>!irly  six  and  a  qnartei-  Uu'liti»,  Tlipy 
I L '-  of  two  ihickitf-MM-o.  bull'  an  invli  and  otif  incii.  Tb»  itilaid  tiloii  iitw 
L<t'  iiM-b  tlitck,aml,  f\c(-|ilin|;  tutuic  liurder  i)iu-i>M,  an>  tieaily  all  six  by 
I  \  iiifli«.>H.  In  t)i<^  plain  lik-rt  llie  ciilurs  extend  oiitird)  tliroiigli.  Tbotf 
•If  ur  iiii-b  lliiuk  aiT-.^iilllrioiitly  strong  for  onUnar>'  HoDVii.  Siiiiit*  of 
■  I'-  niiiHt  i>l4>ii«iiiu:  flK.-i-ti\'4;  Huui'x  aiv  KDub-  at  iiiuik-i'uk^  vtful  liy  i-t>iiihiii- 
<<;.'  (tLiiu  and  iiiliiid  tilbs.a«Mhuwii  iutliv  lii-uKtiftd  |>tittvrii  sUtit-tA.  Tbt- 
<  >-t  of  tliL'tMi  tltiiirK  varie^i  Inim  Hixly  M'IiU  to  d.'E  i>li  iioi-  stiiiiuv  fui*l,  nt*- 
oidiiic  (•■  tbi>  i>utt(-rDH. 

llii-  i^ti-iiiilar  of  Uie  tirui  contaiiis  (bi>  following  dirm^tious  for  layiui; 
ilie  lilcsin  lloiirK: 

III  biiildiu){K  of  1)u>  iitiiiiil  kiud  the  IM-Ht  way  t<i  picpuii'  a  foiiudntloii 

'<r  [ilc»  is  to  M>t  or  viit  ttiv  bt^taius  or  JohtH  low  (;iioU||i:b  U>  uiliait  of  a 

<iirat-  of  bm'-ks  iH-iiig  laid,  [u  moiiar  or»^im^iit,  on  it  strong  l)oiird  Hour. 

\  lii'U  tills  raniKit  U-  do!H',  nail  «trip«,  about  tbrot*  by  oni-   inch,  tirnily 

■  'II  tb«-  sidi-8  of  till'  iH-aniK,  at  »  prwjHT  distani*  In-low  tbi-  upiiiM-  nlj-:*')!. 

I  tic»  rnr  uiK^ini'ti  ItonnU  to  tbe  i>n))H*rU>n^(b  to  tit<  lietwet-n  tbt-  boaius. 

iiid  (tail  tbciii  iloni)  at  eacb  vrinicr  to  tlif  nUiiis.    Tlie  boards aboiild  iiol 

<  \<-if(l  iilx  lii(.'bi-!4  in  widtb,  and  sbonld  be  laid  nli^btly  apart   at   tbc 

il;:i's.    Lay  a  coiirw;  of  brirkd,  brtckbal:*, or  Hal  Hlotmt,  in   morliir  or 

I  >iit-nl,  iin  Ibo  boards,  tiikiug  cun^t  to  liil  tlif  joinls  tborougbly.    'i'lii' 

iFi)(rk»  uiay  be  abonl  a  half  to  tlirve-qiiarl^rii  of  an  iut^ti  lu'low  the  bot- 

ixni  of  lUi^  Ulva;  lunl  il  is  better  to  out  tli<>  lM>ain»  down  an  innti  Ih-Ioip 

ibt' to|Mil  tJii?  lirii-ks  lliat  there  nuiy  Ih^  inort^^  ri*nii>iil  abovf  tlit-  lit-aui, 

n  ,.  >■),..   ii'iUald  ill  coiiuiioii  liydraalic  ot^iiifiit,  siitrU  as  is  iiM-d  for  ris- 

'■"I  lime  tnortiU'  is  tlie  In-st  sulwtitnti-.    Tlii>ip  nbouid  bi*  tliin 

.  iiiK'iit  bctwwu  tilt"  *'dgos  of  tlic  tiles.    Tin-  tiles  aivenl  by 

„  LiiL'in  witb  a  sbarp  L-bisc]  and  »uappiii);  tbentat  the  line.    Tbe 

i;.'e»i  lire  nibbed  on  a  stone  witb  auid  and  water  if  roiinired  to  be 
li'Hilh. 

Tbei-olleetion  of  Maw  &  Hon,  in  a  special  aleove  or  eonrt  In  tlit^KxiHt- 

iiioit  biilldlni;,  eoutMiiKHl,ainoii^  a  great  variety  of  Hcli  de«i^is  for 

ivrinenl.t  and  wall«,  a  ii|ioeiinvii  of  a  friui»>  wbieli  ttau  fimi  bad  .iiut 

iiiailu  for  tlio  ijiiudmnt^leuf  tbu  new  Intliii  office,  partly  in  moitair  anil 

^U^V'u  eneansliu  tiles  from  ik-Kigns  by  Mr.  l>i!;by  Wyatt.     In  tbe  pk-- 

^HokI  niusaiv  ^lavenient  from  adHt<i;;nby  Westlake,  n-[>res(>nlinK  tbcfmir 

^B^HooSf  tlmri^  ni'-ro  no  less  tlian  ten  tlionsnn<l  pieces  to  the  s<|uareyard. 

^V  TII.KS  (W   FUA>*rK,  «!'AIN,  4XD  OTnKK   Cnl'NTttlJlS, 

^^Kb>U<if  of  Spain,  sent  many  Mpeeiniens  of  terra  eotlu  tiltvt  wxcvlleiit  fnr 
^KpauvaU,  and  at  a  low  priev.  C'ar|>fi)tii*r.  of  I'Vani-e.  cxbibilMl  n  grfiit 
^Ipji^  of  <leHiji;us.  He  elainiH  tor  tuH  jirodurtA  that  they  are  hanler 
^^fav  fftuiui,  anil  that  (bey  ({ive  a  pareniejit  wbieb  is  ejLtreniely  Milii)  and 
^Bl^  *U^   iHirti'iUarly  ucll   adapted    lur    halls,  rhaiiels,  and  i'bni*i-be!<. 
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Tliey  are  sold  at  fifteen  francs  (al>out  three  dollars)  the  sfiuare  meter- 
for  the  onianieutal  tiles,  and  twelve  francs  for  tlie  white.  The  tiles  are 
tw(»nty-iine  centimeters  sqnare. 

Of  the  Fi-eneh  display  Mr.  Digby  Wyatt  obsen'es:*  "In  Fmnoe, 
however,  the  pro^jn^ss  made  has  Ikhmi  most  nipid,  and  the  tiles  made  in 
imitation  of  the  old  Persian  examples  are  first-rate  in  quality  and  effect. 
Some  of  the  large  //nVw^r  pJaquent  painte<l  by  artists  of  the  first  distinc- 
tion, such  jis  llamon,  Auker,  Ranvier,  Lessore,  and  I^ouquvt,  are  both 
of  large  dimension  and  admirable  d(»sign,  realized  in  the  liveliest  color- 
ing, and  with  a  happy  freedom  of  han<lling  which  lK»trays  the  dexterity 
of  the  highly  educated  and  acc^>mplislicd  artist.  The  little  landscai>es, 
by  the  hist  named,  are  <*xtraonlinarily  full  and  brilliant.  Such  plaques 
an»  veritable  i)ictures,  and  for  insertion  in  architectural  frames,  as  for 
over  doors,  in  chimney-pieces,  or  simply  as  panels  inclosed  in  a  uioclest 
framework  of  mohlings.  formed  upon  the  surface  of  internal  or  c^xtenial 
walls;  nothing  could  be  more  suita!»le  for  our  climate,  or  more  likely  to 
produce  agnM»ablc  and  pennanent  effect  in  (h*coration.  Similar  plaques, 
with  inoi^  or  less  brilliancy  of  colon ng  and  excellence  of  drawing,  are 
shown  by  W(Mlgw<N)d  and  Minton  of  England,  and  by  Duttrh  and  lielgiaii 
man  u  fact  urei's." 

TERRA   <H)TTA. 

This  material  is  now  largely  used  in  constructions  abroad.  It  is  of 
great  value  for  architectural  i)urposes,  an<l  was  highly  appreciated  by 
the  <incients,  as  tlHM*t»llc('ti(»ns  in  the  British  Museum  and  in  the  LfOU\Te 
will  show,  whrrc  tln^rc  are  specimens  which  date  back  for  more  tlian 
two  thousand  y(»ars. 

The  material  is  w«»ll  adapted  for  window  trimmings  and  ornaments, 
trusses,  [mnels,  columns,  capitals,  cornices,  and  for  all  those  pai-ts  of  a 
building  where  a  hard  finish,  lightness,  and  durability  aiv  n*quiiiHl. 

Among  tin*  buildings  in  England  and  on  the  continent  constructed  of 
terra  c(»tta,  are  the  Ki'iisington  Museum,  the  Hall  of  Arts  and  Sciences, 
the  cliemi4-al  college  at  Herliii,  whit-h  is  nearly  completed,  the  new  csithe- 
dral  at  tin*  samt»  plaee,  which  is  built  of  terra  cotta  ami  brick,  and  sev- 
eral buildings  in  Munich.  At  the  ExiM)sition  the  columns  of  the  Knglish 
l>oiUT-lious<\  an  imposing  struetuiv  in  the  park,  were  made  of  this  mate- 
rial. There  wen'  msirly  thirty  exhibitors,  but  the  prineipal  dis]da3's 
W4»re  from  England,  France,  Prussia,  Wurtemburg,  Austna,  Spain,  and 
Italy.  Somi*  of  these  exhibitions  wen*  extn»m'ely  inteivsting,  consisting 
of  arehitectnral  oniann'uts  of  elalH»rate  designs,  vases,  busts,  and  statues. 

In  regard  to  the  eharaeterof  the  work  displayed  by  difleriMit  nations, 
England  may  be  said  Xo  staml  first  in  rank.  The  s]HMMmens  4lis]day4Hl 
weiv  remarkable  for  their  high  finish,  g«MMl  cidor,  straightness  of  mold- 
ing, when  made  in  hmg  pieees,  ami  hanlness,  ivndering  them  capable 
of  enduring  any  elimate.     Prussia  rankiMl  n^xt.     The  collectiou  at  the 

»  UritiHli  Kc|H»rt^  vol.  il.  p.  :W0. 


txpoMilinn  was  very  latpf.  an<l  in  gpncral  tin?  siieciuwHB  vfw  hiiril  and 
nil  Itiiisbed.    The  rolnr  was  al«o  gooil  umlttie  surface  cIosp. 
Frunt'e  exliiliitPil  w>nie  very  well  I'secutetl  flgiints  aiiH  viuieH,  an<)  ali« 
htevf  sj>wnineiis  nf  tircJiitefrtiirnl  work.    Tlio  color  was,  however,  iu  gMi- 

)ltfni  liiflit,  reuilmiig  jiiiint  neceHwiry  wlii>re  color  i.i  iU'J<iro<t. 
k,!niv  HpitviuieiiH  lit  rcil  tt- rru  pt>tta  tVoiit  Italy,  tboii(;)i  cs<x-l1ciit  in  work- 
inMhlli,  wcrv  not  siitUi-icntly  hivnl  to  »tuud  ibv  w»itli4^r. 
Tlie  cloyM  iwed  in  tlit'  inauufactitre  of  h-rra  c-otta  are  interme<liate 
lictwwn  tliows  nawl  for  oi-dinary  britka  and  tbow  emplojeti  for  jion* 
litin.  Tht«y  xbould  hp  more  finely  ftromid  and  Iwf  f^-cer  fnim  iin[tiiTilic« 
ibati  tiriGk  clays,  hnt  tbey  need  not  lie  worked  wilb  mo  mncb  van  ai* 
»l«in  clays.  Tbe  n^d  (rolor  is  diip  to  the  in-osein-e  of  oxyd  of  iron  in 
B  clay,  and  viu-ieit  Trom  a  Vight  drub  ht  a  ditrk  red  in  proiHirtion  to  tbe 
uinnl  uf  iron.  Wlii-n  tbu  uiut^rinh  am  well  cliomen  and  well  Iraked, 
1  »itta  is  mon-  enilnrin^;  than  uven  inurtilc  or  granite. 
\  Tha  r«!vipal  of  t^rra  cotia  must  be  regnrded,  however,  as  xtill  iu  ita 
The  price  in  vecy  variable.  In  Fnui^e  gla7.ed  Hlnlw  two  feet 
ias  aiul  eigUtei^u  inches  wide  coat  Ave  ftiuii-ii.  In  Enffland  IJicsaue 
t  etglit4.'«n  xbilliiigH,  while  iu  Fr»U(te  culuniuis  uucb  iw  arc  made  by 
\.  Minton,  e«st  four  times  an  much  ilk  tbey  do  in  England.  TUe 
n  priceof  ordinary  term  cott4i,  such  an  is  used  for  facing  laiildings, 
« ttoai  tbree  sbillingii  and  fnurpenct*  lo  tbi-ee  shilliugR  and  sixpence 
mjierficiHl  foot.  The  iiri<;e  is  detc-rnitnitl  also  by  the  cbara«rier  of 
B  wnanji-nlation  and  the  size  of  the  bUK-ks.  Tbe  eoMt  of  laj-iug  term 
I  Iiouse  froutj*  in  Kiigliuid,  iucludiiig  hoisting,  materials,  &c.,  in 
It  (uic  shilling  to  one  shilling  and  twupenn'  per  suiierHcial  foot. 
lie  uuiuIht  and  extent  of  the  exhibitiouH  of  ttura  cotta  from  variona 
intrios  show  that  tbitt  mauufactnre  in  iiicrejutin;;  in  iniiHirtance.  It 
il  one  of  tbo  noveltie»  of  tbe  Kxpowition  and  gr»tifle<l  the  eyes  of 
loveTs  of  decorative  art.  Mr.  Digby  Wyutt,  in  hi.t  reiiort  upon 
di-<.-on(lion,  says:  "Among  the  germs  ofMH'sb  starts' shown  in  the 
Jixliibitlon,  none  are  mon-  important,  as  affeeting  the  arts  of  dceoKitiou 
BjUie  nttuir,  than  the  new  life  wliicb  in  nil  countries  apjiearti  to  bavv 
n  luAiset]  into  llu;  irvival»  of  the  nninufactnre  of  terra  cotta,  of  the 
blh:iitiiin  of  enamel  and  vitrilied  colors  u\>on  eartbejiware,  or  metallic 
a  to  tlie  geiuTuI  piirpoKc  of  tlic  dei-orsitor,  and  of  the  art.  of  mosaic 
'tcUig  In  every  ft>rm.  These  rei-ivals  liavo  as  yi-t  most  largely  atVecled 
Siiture,  oruiimentM,  iind  dectirations,  for  the  service^  of  the  cbnrcli,  but 
ean>  many  iudication*  that  they  will  he  rapidly  estendwl  in  i-vi;ry 
I  into  civil  stnictiux-s  li-um  uatiomU  museuimi  tu  ladivs'  Inm- 


«  name  anthority  states  that  to  tio  uue  is  the  art  of  teira  oottu  mok- 

win  itwlebtci)  Ihan  to  Mr.  J.  M.  Dlashtiold,  of  Stamford,  EngUiDiL 

ft]bu  uade  a  cHrt'ful  sindy  of  tlie  English  clays,  and  has*  oM-ortiiiacd 
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bow  to*  mix  them  with  foreign  substances  so  as  to  permit  them  to  be 
perfectly  vitrified  without  being  distorted.  He  has  also  experimented 
on  the  best  forms  of  kilns,  fuel,  and  cooling;  ^nd  in  the  selection  of 
designs  and  models  has  been  guided  by  a  natural  taste  for  the  purest 
forms.  He  exhibited  a  large  mediieval  window,  designed  for  Dulwieh 
new  college,  a  chimney-piece  for  the  new  India  oflBce,  and  several  other 
specimens  of  his  skill.  This  manufacturer  has  recently  executed  some 
garden  decorations  for  the  Marquis  of  Northampton,  from  designs  sup- 
plied by  Mr.  Wyatt,  and  also  some  exterior  works  for  the  buildings  of 
the  horticultural  society,  the  great  central  Royal  Albert  Hall  of  Arts  and 
Sciences,  and  the  buildings  of  the  Department  of  Science  and  Art.     • 

v.— mOX-WORK,  ROOFING  MATERIALS,  CARPENTRY. 

ORNAMENTAL   WROUGHT   IKON    WORK. 

The  number  of  exhibitors  of  ornamental  wrought  iron  work  in  the 
Exposition  of  1867  was  very  limited — France  and  England  being  the 
only  nations  exhibiting  anything  worthy  of  particular  notice.  The 
English  department  indicates  that  there  has  be^n  but  little  improve- 
ment since  the  Exhibition  of  1802,  and  many  of  the  objects  displayed 
w^ere  jniule  for  that  Exhibition.  .The  progress,  however,  which  has  lieen 
made  in  France  within  the  last  few  years  is  quite  remarkable,  and  the 
objects  exhibited  form  an  interesting  and  instructive  display.  Wi^ought 
iron  has  to  a  great  extent  taken  the  plaee  of  cast  iron,  formerly  used  so 
largely  for  gratings,  balustrades,  and  balconies.  The  re\ival  of  this 
beautiful  art  in  France  is  to  be  attributed  to  the  present  perfection  of 
machinery  for  working  iron,  and  to  the  attention  which  has  been  given 
to  this  art  by  skillful  workmen  and  aitists.  In  England  and  in  Ger- 
many this  art  has  never  entirely  fallen  into  disuse.  In  France,  however, 
for  twenty-five  years  little  or  no  work  of  this  kind  was  done ;  but  by  the 
aid  of  intelligent  and  enthusiastic  workmen  she  has  been  able  in  a  few 
years  to  surpass  all  other  nations  in  this  difficult  branch  of  industry. 
The  difficulties  to  be  overcome  are  great.  The  substance  is  capricious 
and  not  easily  handkMl,  and  to  become  a  good  forger  requires  not  only 
long  experience  but  great  natural  aptitude.  The  French  workmen  in 
the  most  essential  part  of  their  work — the  rei>ouss^ — have  reached  such 
a  degree  of  excellence  as  to  leave  almost  nothing  to  be  desired.  Their 
skill  is  explained  by  the  fact  that  they  are  kept  constantly  employed  on 
this  class  of  work,  and  are  in  almost  every  case  excellent  draughtsmen 
and  modelers.  Another  cause  is  the  demand  fcr  and  appreciation  of 
good  work,  and  the  artistic  education  which  enables  the  workman  to 
meet  the  reciuirements  of  a  cultivated  public  taste. 

The  si>eciyien  of  iron-work  exhibited  by  the  Skidmore  Art  Manufac- 
turers  Company  consisted  of  one  of  the  gable  frontals  of  Prince  Con- 
sort^s  memorial.  Tliis  is  one  of  four  frontals  forming  the  principal  fea- 
tures of  the  canopy  which  is  to  be  placed  at  a  height  of  seventy-five  feet 


HATEBULS  . 

It  the  ba.s<\  An  tin.'  ili>si;;i]  and  comhlniillon  of  mat^rialR  wan  AOtiie- 
lat  novel,  it  liiw  bwii  tliuu^i^lit  wdl  l«  make  a  liripf  ii«t4c*r  of  this  inci-e 
{fviirkmniisliiii.  Tlie  iiTigle  piuct^n  of  tlit-  friiun^wurk  arp  oflr«)ri,roati-il 
Hlliluul  fibuuL  itiiL'-i]uartHr  uf  aiiiii<;h  tliick  in  Mie  thliinexl.  {lurl,  iD 
Idt'x  In  pruvvnl  I.I10  iron  from  runtin;;.  Into  tlii^  li-iul  onnimi-nls  of 
•  coDMHtiug  of  iiieirex  of  marble,  poliistKHl  gruuito,  Grj'8lHl,  onyx, 
;ate,amljii8p(>r,  are  insertoil,  am!  in-ld  ni  pljice  by  the  It^a<l  belDg  bam- 
red  np  over  tlie  eilgea.  This  nelting  is  miffidputly  Arm,  and  is  Tiiuif- 
i  by  tlie  weatlier.  Mstssi's  of  enamel  of  different  tint*  are  added  at 
;ain  piHnts,  at  otiiers  the  natnntl  color  of  Ibe  lead  forms  Ihe  biw-k- 
ind.  Tbe  ridge  decoration  U  in  reiKinss^  eopper,  highly  »niiimenu-d. 
In  this  ptuce  of  workinftnsUip  an  attempt  Inw  Iwen  made  to  revive  the  jf  w  - 
ellcd  workof  tlif  thirtti*rith  i-entnry,  «iiw!iniensof  which  may  bescvnin 
shriiiL-s  of  the  catlicHlraU  at  Ai\-IaOltapelle,  Cologne,  and  at  othvr  plave«. 
ytbough  tlii!4  p!e(;e  of  work  is  of  large  sizo,  and  dcxigneil  to  l*e  placMl 
Sthe  open  au-,  yet,  whou  iu  positipn,  it  will  have  the  nivrne  vOeot  aa  the 

i  (tperimens  of  medieval  jeweled  work. 
IvAmong  the  exhibitors  in  the  Kngliah  section  were  Ueasm.  Barnard. 
ihup  and  Barnard,  who    disi>Iayed  aouii-  finely  wrought  iron  gates ; 
.  [lart,  who  esliibited  a  candelabrum — au  excellent  S[>ccimeD  of 
KltW  work;  Messrs.  Skidmore,  Benham,  ami  a  few  others. 

D  Lwu  princijial  exhibitor!!  iu  the  French  section  were  Mi;Asni.  Bau- 
Etuid  Roy.     The  reponssi!  work  of  (he  former  ami  the  forging  of  the 
'  were  beaiitifidly  executed.    Among  those  whose  names  fleserve 
k  be  noticed  is  M.  Bouliuiger.  to  whose  efforts  are  mainly  due  the  rexi- 
1  of  thii)  art.     His  ironwork  on  the  central  gale  of  the  uhnrch  of  Nutre 
>,  at  Palis,  is  not  inferior  in  «tyle  to  the  ci^'lebrated  iron-work  of  the 
ter  part  of  the  twelfth  century  attjicln-d  to  the  two  side  gate^.    These 
B  outiKJdercil  the  must  bc^intifnl  si)eciuieus  of  medieval  forging  in  exist- 

WSbe  appltuitton  of  machinery  to  this  class  of  work  has  eontribiUMi 
ily  to  its  rhcapness.  The  resnlts  obtained  in  Fninoe  haie  been  very 
BfActary,  lUid  many  lirms  aro  able  to  famisli  wrought-iron  baleonies 
I  grntiiigs  at  a  price  not  greater  than  that  |»iid  for  tbe  same  in  cant 
if  so  largely  used  within  the  last  t^^n  years. 

BOOPINC3  HATEKIALS. 

i>  principal  materiaU  displayed  at  the  K.iposition  for  roofing  pnr- 

g  were  slale.«,  tiles,  ziiu-,  oopiMT,  and  tarreil  or  bituminnmt  felt  and 

Shingles  do  not  seem  to  [w  nsi-d  in  Kuntpc  to  any  extent ;  tbc 

f  spvcimenif  seen  iH'ing  ou  the  wooden  bnildtngs  in  tlie  park  erected 

<  conntries  wherw  wood  Is  plenty  and  cntHrs  largely  into  the 

iTii-Js  used  for  the  constniction  of  buildings.    In  gcj^eral,  moling 

:eriiil!«  snch  an  arc  nsed  in   England,  I''rauc<>,  PnisMt:),  and  Au.itna, 

■  public  Biid  private  buildiugn,  are  cjieaper,  lietter  made,  aud  mme 

sible,  Uvan  they  have  been  at  any  time  within  twenty  yearx. 
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Tlie  manufacture  of  roofing  tiles  has  attained  a  great  degree  of  per- 
fection. Slates,  wbich  are  now  quan-ied  and  cut  by  machinery,  are 
remarkable  for  their  excellence  and  the  regularity  of  their  dimensioas. 
Since  the  introduction  of  iron  beams  for  roofs,  the  substitution  of  some 
other  material  for  wood  as  a  surface  upon  which  slates  or  tiles  e^  be 
laid,  has,  among  architects,  attracted  considerable  attention.  The  diffi- 
culty of  attaching  boards  or  strips  to  ii*on  rafters  without  eonsideraUe 
exi>ense,  is  apparent  to  all.  This  has  l)een  obviated  by  M.  Lachambre, 
who  uses  laths  of  iron,  to  which  the  slates  are  attached  by  means  of 
hooks.  This  is  a  marked  improvement  over  the  sheet-iron  strips  for- 
merly employed,  and  i>ermits  the  tiles  to  be  placed  directly  on  the  iron 
without  the  intervention  of  any  combustible  material. 

The  prevention  of  the  destruction  of  zinc  roofing  when  placed  in  con- 
tact with  iron  has  also  attracted  considerable  attention.  Many  plaos 
have  been  proiK>sed  to  obviate  this  diflicidty,  such  as  placing  wood*  plas- 
ter, tanvd  pai)er,  or  other  materials  between  the  iron  and  zinc.  All  of 
these  methods,  however,  are  expensive. 

The  Exi>osition  containeil  many  si^ecimens  of  wrought  and  corrugated 
zinc,  but  the  extreme  sensibility  of  this  material  to  variations  of  temi^r- 
ature  diminish  its  value,  especially  when  there  are  many  soldereil  joints. 
France.  Prussia.  Austria,  and  Holland,  made  a  fine  display  of  this  metal, 
showing  remarkable  n^sults  in  stamping  it,  when  c<ihU  into  various  forms 
intended  for  the  exterior  decoration  of  buildings.  It  must,  however, 
be  admitteil  that  such  ornaments  are  ot^  limiteil  durability  when  exposed 
to  the  weather. 

Attempts  havre  been  made  to  suK^titute  zinc  tiles  for  a  conrinoons 
roofing  of  sheet  zinc,  which  is  not  only  dis;igrt^able  in  apiiearam-e  but 
is  liable  lo  wari>  and  twist  at  high  teniiHTatures.  These  eflforts  have 
not  Ihvu  gi^nerally  suiwssfuU  as  the  tiles  ;uv  liable  to  be  blown  off  or 
displaceil  by  high  winds,  and  have  not  Kn- n  found  to  In?  sufficiently  water 
tight.  It,  however,  api>ears  pn»Uible  that  sin^v  zinc  is  s*>  easily  stamped 
by  machinery  at  the  pix*s<nu  day,  and  has  such  a  degree  of  duetilicy 
given  to  it  that  it  dtvs  not  tear  when  siamiHnl.  its  use  for  nx>fing  pnr- 
jKvses  might  Ik*  extendtnl  by  its  King  iiianui*aciui\tl  into  tiles  of  grace- 
ful shajH^s  and  suftioiont  size  to  allow  ihcui  to  Ix*  attacht^l  to  the  roof 
without  s*>Mcr  or  nails,  iu  tlio  s.uuc  way  :h;u  oi\li:i:^ry  slates  ar^"  fasiencti. 
Tlie  distwery  o;*  s*v.iic  cheap  uiat<r:.i!  to  prt-vcnt  their  vvniact  with  the 
ii\>n  beams  w^hiM  lorgt'Iv  incn-ase  iheir  use. 

K^>>ri>\i  FELT. 

The  displav  of  tanv^l  or  MtumiuiHis  felt  at  the  Exiv^ti^^  wai*  verv 
laiw-  lM^d*>s  the  app]:ia::o:ks  :\»r  r\K>r.:jj:.  i:  is  als^*  u^k^:  in  sln-athiug 
shij^s,  ia  the  fima*ia;u^*s  of  lu-as^-s.  aiui  iiv  Uutng  nsv\s;  »-aIIs.  As  a 
building  ma;eriaL  :t  is  to  Iv  ivinxcular^v  ixw^maM^HW,  .<;  a^^xmnx  ot  its 
cheapness  «Ni$e  with  which  it  c;a»  l«e  ati^^hed  to  a  r\x>;  i>r  «^U>^  im|ier> 
meaUUiy  U!i  v^hnt.  And  Iveiicuecf^     TW  iwMiUftccuKf^  ciuai  thdU  as 
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riuw  made  it  is  iininHiiiimiiihle.  Russia,  AitHrria,  I'masLi,  Belj^inni,  Den- 
rir;irk,  ^st'txU'ii,  Kiiglaiul,  Hiul  Fnincf',  »uiit  lar^  qaanlitieH  itl'  thin  ptxi- 
liict,  It»  want  or  durability  is  il.-*  ^-ent  (Jfirwt,  and  ttiongli  an  pxcHlcnt 
;ii:iteria1  for  covt-riug  tomiwrary  eonstrni'tioiii*,  it  can  ii«v<.t  trtku  lli* 
|ila<>e  t>f  slate  or  tiles  as  a  pormanoiit  roofing  m»tj.^rial.  It  anKwi>r(i 
:iilmiral)l.v  as  an  iat.priiir  lining  for  walls  to  pnni-nt  the  efTfi'ts  of  moi». 
tuiv,  in  nliich  place  it  in  not  exiH>so«l  to  the  heat  of  ttie  Hnn  nor  to  tli*' 
sudilvn  viiriatioiis  of  t<!mp<^i'atnre.'  Tbe  t>cst  Hpocimens  of  titia  article 
wt'iv  from  UtL«8i!t,DuTiniark,  nutl  Pnissia,  wIhtp  it  is  largely  iistvl,  It  Ea 
alfio  tiw'd  to  a  gn-at  i-xt^-nt  in  nortlii-ni  Germany,  wliere  tlifl  uliniat«  ih 
I>pttpr  Nuitcd  to  it  tlmn  tlH-  more  soiiMicni  portions  of  Europe. 

ViinouK  expodit'jit!<  have  l)E>(>n  iulopti*d  to  diminish  tlic  aetioa  of  tli(> 
Min  ii|Mni  tlio  bituruinons  mattrr  with  wliich  tins  matfrial  in  noakml. 
Aiiionji  tlics«  may  l>e  noticed  thi>  felt  displayed  by  a  French  exhibitor 
.  '■vfri'il  witb  It  tliin  coating  of  [mwdereil  sehist-  An  article  somewhat 
ike  t))i»  is  mad»  iii  tlio  tJuit«d  States  by  the  Mica  Ruoflug  Company  of 
N'l'W  Vork. 
Some  of  the  advantagea  claimed  for  tbe  Belfast  (IrelaiKl}  roofing  felt, 
eitsliglitncss,  dui-ability  and  chcjipness,  and  its  lii-e-proof  qualities, 
}tis  pot  up  ill  rollK  twenty-five  meters  in  length,  and  0.80  millimettT  in 
dtli,  Miifficient  to  cover  twenty  equare  meters  of  surfaoc.  The  |>ricc 
u  fu  Paris  is  one  franc  t4.-u  centime))  the  ntnning  meter,  when  taken 
k  (piantiltcs  of  one  hundred  nictcra  in  on«  package. 

!he  following  directions  are  given  for  placing  the  felt  npon  roofs : 
die  rounng  boanU  should  be  laid  with  the  alope  of  the  roof,  and  tbe 
■Iiuiclon  should  be  from  0.15  to  iK'ii)  centlmet^ir  per  meter.  Tlie  fell 
uld  be  of  gowl  i^iialily,  and  may  be  laid  cillier  up  and  down  with  the 
e  or  Iiorizonbilly.  In  cither  case  it  uiiiHt  be  well  stretched  and  the 
I  should  overlap  about  0.05  ceiitiincter.  It  must  be  nailetl  with 
iblo  nails  placeil  at  a.  distance  of  tVom  three  to  four  centiiuet«rA. 
I  the  edge  of  the  roof  the  felt  is  to  be  tunie<l  in  and  nailed  in  the  wime 
After  it  is  thus  secured  upon  the  n«)f  it  is  covered  with  ii  coating 
biKMOil  of  Dijual  parts  of  coal  tar  or  melted  pitch  or  asphalluni,  and 
Epowdered  lime.  This  misture  should  be  laid  on  with  a  bmsh  white 
*^  And  when  a  few  aiiuare  yanis  have  been  coveretl,  and  while  the 
Itlug  U  still  soft,  it  is  to  be  spHukleil  uvttr  with  dry  sand  and  gi-Hv<>]. 
iUeontiDg  should  never  be  ajiplied  to  moist  felt;  it  should  Ite  [H-rfetrtly 
After  a  roof  has  been  coat«Hl  four  or  flve  timwi  in  this  way  at  inter. 
I  Af  four  or  five  years,  a  very  siipt'Hor  and  permanent  roof  Is  ob- 


V»V.  OK  J'ASTEBOABD  AND  PAPER   TN  COKSTBUCTION. 

%e  ExpONitioii  abounded  with  siie<'imens  of  paslebonrtl  jirepanil 
ittoit  and  for  lining  moms,     tl  is  usually  pn^jmn^l  witli  bitumen 
''  i  more  or  \<e#n  waterproof.     The  vjCHmplM  wi-r«    most  dui 
I   Pnuutioa  and  AnKtrian  sections.     In  tha  I'nissiau,  B. 
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<>x1iil)it<>(1  bitiiminoua  "carton-pierre"  and  bitiimmoas  pasteboard; 
KiiKcll  &  Co.,  bituminous  pa8t«board  for  roofing ;  E.  A.  Lindenberi;. 
Daiitnit^,  asplialtic  paper  for  roofing;  J.  C.  Loyc,  pipes  of  bitumiunos 
pajMsr  and  roofing  jiimteboard.  In  tlio  Auntriau  section,  G.  Haller 
i'xliibJt4.'d  incombustible  and  impermeable  roofing  paper,  and  F,  iJtvrtw. 
bituminous  and  roofing  p!ii>er. 

Tliin  description  of  material  is  now  coming  into  extensive  use  in  tbe 
UnitMl  States,  particularly  at  the  west,  where  it  is  so  often  reqairrd  to 
enx't  dwellings  with  cxpetlition  and  economy.  The  Bocli  River  PapM 
Oorniuniy,  of  Chicago,  mainifnctnre  an  article  which  they  call  "sheath- 
ing and  roofing  board."  It  is  a  coarse,  yellow  pasteboard,  made  in  roll* 
of  vaiioHs  lengths,  and  thirty-two  and  forty-eight  inches  wide.  It  a 
made  veiy  rotnimct  and  firm — the  fibers  being  closely  pressed  together 
at  first,  and  then  subjet-ted  to  an  enormous  pressure  and  calendered 
down  until  the  whole  is  made  stiff  and  hart!  almost  like  a  piece  of  board. 
It  has  a  stniight,  smooth  edge,  and  weighs  abont  one  and  a  quarter 
pounds  to  the  stpiare  yanl. 

It  is  used  advantageotisly  in  various  ways ;  either  on  the  stnds  oat- 
side  as  a  s»K>ititute  for  sheathing,  or  over  the  sheathing  before  fudiug; 
or  on  the  insitle  of  the  stutls  before  lathing,  so  as  to  form  an  extra  dead 
air  space.  It  is  laid  nntlcr  tttMirs  and  on  roofs  below  the  slates  or 
shingles  for  the  pur|H)se  of  keeiiing  out  air  and  eold,  and  it  may  also  he 
uso»I  as  a  sul»&tilute  tV>r  inside  plastering.  It  is  found  to  make  a  reiy 
snioolh.  uitv  finish  for  a  wall  or  i>ei1ing.  and  to  save  fonr-fifths  of  the 
oxiH'n.<t'  of  onliuar>~  plastering.  It  ean  l)e  taeked  on  over  the  hiths  and 
then  Iv  whitewasbwl  or  inqH-rtHl  iu  the  usual  manner.  In  this  way  a 
wall  warmer  than  plasterin}:  may  Ix"  stfnr*^!.  and  it  will  t>e  equally  as 
gtxxl.  if  ustHi  with  care,  for  all  purjHtse:^  It  wi])  not  enu-l:  or  fall  off. 
and  it  eonnnends  itself  to  tliose  who  Iniilii  in  earthi)uake  couutriei^  It 
ean  U*  put  on  by  alnuv^t  any  one.  it  Ixnng  men^ly  tacked  oo  with  twiU- 
narx  tacks. 

The  i\»st  of  this  i^licaihing-KxiM  i^  flijih:.  It  is  s.»W  by  the  piMind  at 
Aw  ivnts  for  the  lv:umini;t>l.  and  six  rt-nts  for  the  plain.  Thus  one 
s»l-.i:>w  yani  «rf  the  Mranii- 
r.iTtti  rtvits  eight  r^ntji.  and 
ihi-'  y'.A'.T.  si'-vea  wets  and  a 
hji',;",  A hor.*- Twrarj-iwo by 
:;■,—>. -iix  :',^:  *5,l  twenty 
••\:  i.  •;;*■.  .--.r.  i*  <\'Tt^»il  with 
:V-.s  ssv.rsTrti  'm^M  for  less 
;>,i-  :T<-T:y  oyiirs.  Tbe 
jir.TW\<%:  f^->  siiii>«-$  the 
T.x:lh^.^Ji-;-V  "■"■■?  tbfSiiarf 

f*#*. «  Tfce  imcs.  W&4V  sd- 
;;.£.  Asd  <*  lW  »)K«i);;T^  '.v'u:%^  biA-cv  MJtMtp- 


e  of  tlip  princiiml  mlvantagps  of  this  slipntliiiig-lHtanl  are :  Fin»t, 
lBhcHi>ne-i!4  corniKii'i-il  wiUi  liuimlHtir  idHMU-ring,  Sc-oond,  tlio  raitiilJty 
U'ltli  wlikrti  il  ciiji  bo  put  on,  unil  tliiiif  ifiiiU'r  in  m  k-w  Uuiintu  bare  IVHiue 
ba))itable.  A  honse  lined  wilb  this  buanl  cim  \w  safdy  uecnpifd  initnt'- 
(iiatdy,  while  a  pliuttered  htmw  rfquirca  months  tw  lit*i.'omt>  dry.  Thinl, 
it  is  warmer  than  lioaiiiing  or  phuitering,  for  it  doi-B  not  wjudnct  Ui-at  so 
rat>idly,  and  a  room  ho  lined  can  be  warmed  in  a  few  minntex.by  a  inod- 
cn)t<*  Are,  while  in  a  plast<!red  room  it  takes  a  long  time  to  heat  up  the 
wull». 

flABFKNTElts'  AXD  JOISERS'  WORK. 

T\w  Opinion  socms  to  prevail  nmonglhosc  whohuvt'  devoted  attention 
to  tlio  Kiibi«:t,  thitl  iu  France  and  many  parts  of  Europe  caqxintr}'  i» 
falling  wore  luid  more  into  disiLse,  being  confined  mostly  to  the  vou- 
stiTK-'tion  of  scatToldiuga  and  temporary  building8.  Iron  in  now  almost 
universally  substituted  in  Eurojw  for  wood  in  the  erection  of  |>ermaneut 
edifices.  Nearly  all  the  houses  now  in  coiirsu  of  conatniction  in  Paris 
are  Iwing  bnilt  with  iron  lintels  mid  girders,  the  flwn-s  lieing  constmeted 
with  iron  joists  tilled  in  with  brickwork,  while  the  roofs  are  made  flat 
nnd  of  the  same  materials.  It  is  the  great  Rn]>eriority  of  these  matenala 
for  construction  that  hnj*  led  to  their  subi^titutiou  for  woikI,  Iron  is 
stronger,  more  diiiiiblo,  and  is  fb'c-proof.  Its  clieapness  at  the  pte»eiit 
day  jKTmitH  it«  iise,  while,  »t  thu  same  lime,  timber  is  iucn>n»ing  in  vo8t, 
and  ia  becoming  more  and  m<>re  swux-o.  TimlM>r  is  also  often  ba[%  sea- 
soned. The  oak  ordiuiirily  used  in  Paris  is  ti-»nsi>i>rtcd  from  the  forests 
directly  by  rail,  and  is  often  fnll  of  sap.  If  put  into  a  building  in  this 
condition  it  decays  in  a  short  time,  especially  when  exfwsed  to  the  air. 

An  a  general  thing  the  Exposiliou  was  veri'  [Mior  in  models  of  ear- 
ppuiry  as  applied  in  buildings.  The  specimens  to  lie  Keen  in  the  French 
HTctiou  wei-e  gimerally  of  a  very  rude  de»«cription.  Tlic  partitions  were 
mostly  of  mngli  Kcantlitig;  the  joists  were  at  irregular  distances,  and 
appeared  to  hv  iila).\>d  rather  by  unskiUetl  laborers  tliitn  hy  uie<^hanics. 
Tlie  floors  were  generally  badly  laid  and  joined:  indeed,  none  of  the 
carpentry  work  iirosented  features  worthy  of  imitation. 

Tito  specimens  of  American  carpentry  shown  in  the  United  States  mc- 
tion  were  in  strong  conir,ist,  eqi>ecially  in  the  farmer's  cottage,  which  was  a 
renmrkid>I<!  si>eclmen  of  wlutt  may  be  done  where  woikI  is  plenty  tind 
other  uialertaltt  scarce. 

The  eottage  from  Loniaiuuit  uIko  disjilayed  excellent  workmanship. 
Tbe  t*ntnineu  diH>rs,  of  dill'erenl  kiiuU  of  wood,  wiirc  well  miule  and  eun'- 
ftdiy  ftnished. 

mens  of  cariientry  and  joiner's  work  mantifaclureil  by  maehinery 
i  an  important  place  in  the  Kxpositinn,     PmsHia,  I-higlimd,  Ans- 
tavaria,  KuRMia,  France,  and  Belgium,  sent  s[if)-imens  of  this  kind 
Vk,  aud  were  rivals  in  excellenc*«  uiid  nbea)uie.'M  of  execution. 

I,  an  in  this  country,  the  number  and  mzk  of  the  phudiig  ntul  J 
tag  milk  bavo  largely  iuvreiuu-d  of  latv. 
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A  short  extract  from  the  reiK>rt  of  one  of  the  British  artisans,  Mr. 
Alexander  Kay,  will  give  an  excellent  idea  of  the  estimate  formed  of 
the  condition  of  the  cari>enter'8  and  joiner^s  art  in  the  United  States:^ 

^^  Anieiica  will  always  maintain  an  elevated  position  among  the  nations 
of  the  earth  for  good  joinery ;  and  it  need  not  be  wondered  at  when  we 
look  at  the  vast  resoui*ees  and  inexhaustible  supply  of  materiala  which 
form  the  materials  of  the  joinery  trade. 

^^  The  construction  of  a  driver's  shed  on  the  locomotive  engine  is  a  good 
representation  of  what  the  American  joiner  can  do.  It  is  constructed  of 
ma])le,  beech,  ash,  hickory,  and  black  wahiut,  well  selected,  and  strongly 
and  neatly  put  together.  It  is  my  opinion  that  British  joiners  have 
received  some  very  useful  and  ready  methods  fi'om  the  Americans ;  and 
from  their  8ui>erior  wood-cutting  machines  they  must  derive  great  ad- 
vantages over*  all  other  nations.  Considering  her  plentiful  suppl}*  of 
easily  worked  and  beautiful  timber,  of  first-rate  quality,  I  feel  thoroughly 
satisfied  that  no  other  nation  can  compete  with  America  in  the  produc- 
tion of  good  joinerj',  at  the  same  cost,  with  equal  profit 

'*  The  American  joiner  has  several  advantages  over  those  of  other 
nations.  His  tools  are  second  to  none,  being  su]>erior  in  many  instances 
to  British,  but  the  British  are  not  slow  to  adopt  the  advantages  brought 
forward  by  xVmericans.  We,  however,  are  supplied  with  Norway  white 
deal,  not  so  easily  worked  as  the  American  pine.  The  Americans  have 
the  advantage  in  possessing  this  easily  worked  timber.'' 

The  Austrian  section  contained  some  good  si)ecimens  of  joinery.  The 
workmanship  was  generally  good,  the  various  parts  were  strongly,  and 
neatly  fitted  together,  and  the  wood  was  well  selected.  In  hinges 
and  fastenings  there  is  I'oom  for  improvement,  both  in  quality  and  style 
of  manufjicture.  The  supply  of  material  for  the  joinery  trade  in  Austria 
is  excellent,  and  many  samples  of  wood  were  exhibited  in  planks  and  in 
moldings,  such  as  beech,  fir,  oak,  maple,  Hungarian  ash,  and  veined 
walnut. 

Belgium  also  displayed  some  excellent  specimens  of  joiners'  work  and 
carving. 

The  forest  proilucts  of  Bavaria  show  that  the  country  is  well  supplied 
with  materials. 

The  work  exhibited  from  Russia  was  made  princii)ally  of  pine,  of  which 
there  is  an  unlimited  supply  of  the  best  quality.  There  were  also  many 
specimens  of  other  wood  used  in  carpentry  and  joinery,  all  of  excellent 
quality. 

The  Russian  workman  is  i>eculiarly  fortunate  in  i)ossessing  such  a  wood 
as  the  Finland  pine,  which,  when  well  selected  and  free  fh)m  knots,  is 
^sy  to  work,  and  is  admirably  adapted  for  building  puqmses. 

Buildings  made  of  this  woo<l  are  more  durable  and  last  longer  than 
those  of  oak,  the  rosin  in  the  pine  protecting  it  fh)m  decay. 

The  French  joiners'  work,  of  which  not  only  the  Exhibition  afforded  an 

1  Artinaiui'  Keportt,  page  iilO. 
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atnt»l0  (liapUy.  IJ"'  tli«  public  biiilJitigH  recently  orectod  in  Paris  many 
f^'-cllciit  siiecim«>iiH,  lacks  tlit>  prcciHJou  uixl  accumcy  of  pseentioa  ta  be 
'  III  iu  the  work  of  uimiy  othor  coimtries,  aud  iain  many  inslanops  <U-fent- 
n  I-  in  construction.  Tli(!rfi  wenis  to  havo  bt-en  hut  little,  if  any,  adAaiioo 
i.iilo  in  this  art  of  latp,  if  we  ex(:«pt  the  work  dou«  by  uiiicliinury. 
I  lii-ir  iiivtIiixUof  constriKlioii  are  old,  and  thu  work  i»  alwuy*  n)HghIy 
'  iiisbi'd.  'riiis  ia  to  bt-  won  particnlnrly  in  tliu  doont,  frames,  wiudows, 
ami  iu  tbB  internal  wond-WHrW  geijerally  of  tlicir  buildingH. 

Tlie  opinion  ospressed  on  tins  8nbJ(H.-t  by  an  intelligent  Enfrlish 
writer,  himtwlf  a  practical  mechanic,  may  Ih'  of  iiitwewt: 

'  ■•  On  tlic  whole  we  ewisider  Pi)rii«iHii  joiiivrs'  work  to  \tv<  far  Inferior  to 
that  done  iu  this  eoiintry.  Their  nioldingit,  aa  a  genonil  mle,  aru  very  writ 
dt'sijined,  and  their  carvint;  in  n-iuarkiibly  wi^ll  extHTntiid.  We  uiu  easily 
nmlenttand  how  an  art  student  may  bo  attmet«d  by  the  ta&tefu>and 
artistic  a[)[Ksaraiioe  of  a  pieuu  of  joiner's  work,  and  may  fancy  that  ho 
sees  ill  it  an  evidem*  of  the  superiority  of  French  work ;  but  the  prac- 
tical workman  will  arrive  at  a  very  ditterent  eonctnsioiL  Ue  will  at  onne 
nntlerstand  thal^  for  the  t>ortions  of  tlie  work  which  arc  ho  uttra^;tive  to 
the  eye  the  Joiner  i«  in  no  way  rtv<[)on.sible,  since  he  is  neither  the  dewgncr 
nor  the  carver,  while  the  fnimiug  itself  will  be  folmd  to  be  very  defuct- 

B  both  in  Ktreugth  and  finish, 
li^  '^Preacii  workmen  will  require  Itetter  tools,  and  an  entire  rorolntioD 
'f  tiieir  oyHtem  of  worklii^r,  to  enable  them  to  execute  n  claws  of  work 
tiur  the  Knglish  market." 
fc  An  intemstiiiK  feature  connected  with  this  i>ortion  of  the  Kxposition 
B  Ibe  carpontry  and  joineHs  work  displayed  iu  the  EH;>T»tiau  section, 
1  the  oriental  constructiona.  It  connialed  of  a  wooden  back^n^und 
iFbioh  wej«  nailed  mohlings,  mitered  together  and  forming  certain  geo- 
rical  denignH  and  pattern.^  This  forni  of  decoration  is  applied  ta 
I,  waint«co tings,  ceilings,  &c,  and  has  a  mast  pleaiiing  ell'eet,  iM'ing 
)  tU«  eonie  time  very  chejip.  The  piet^'S  of  wood  nailctl  to  the  baclc- 
ml  prevent  it  al»i>  from  wari>ing  or  swelling  to  any  great  extent. 
KWitli  the  meuhunical  means  at  piv.sent  iu  u»u  thi»  mt^tluHl  of  d«con- 
,  so  luceellent  iu  priudple  anil  coustructiou,  and  which  iM^nnilaof 
li  infinite  variations,  coidd  be  revived  at  small  cost,  and  would  replace 
i  style  of  dc4;uratiuu  which  by  cheap  esiJcdients  strives  Ut  imitate 
B  ehiboratti  ornament:ition  of  former  times. 

u  and  in  AfVica  many  wainseotings  and  eeilingK  of  IJie  Ilftpentb 
i  alxteentJi  centuries  exwuted  in  tliiK  style,  and  of  wonderful  besntyt 
arr"  yet  (o  be  seen,  luu)  iu  good  preservation.  This  style  of  work  i»  ulso 
well  adapted  for  iKiiuLiug  Iu  Ikright  colors,  ur  fur  other  stylus  of  interiuil 
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INLAID  FLOORS— PARQUETRY. 

TIk^  iliHplayHof  oniamental  inlaid  flooring  were  numerons  and  attract- 
Ivo.  T\w,  iiHe  of  niaeliin(;ry  for  cutting  the  pieces  of  wood  has  greatly 
ini|in»vi^(l  i\w.  product  and  leHsened  the  cost.  All  the  pieces  are  now  cat 
with  pnM'iHion,  and  are  joined  together  upon  panels,  so  that  they  can  be 
iMiMily  liiid  and  fitted  upon  fl(M)r8.  Woods  of  different  colors  are  selected, 
nnd  in  fitting  them  together  they  are  so  placed  upon  the  panel  that  the 
gniin  of  the  winnI  above  and  below  shall  run  in  opposite  directions. 
ThiH  obvintes  the  delect  of  undue  shrinking,  and  of  the  creaking  which 
JH  on4'n  HO  annoying  in  inlaid  floors. 

TheiH*  nrc^  large  establishments  for  the  manufacture  of  these  parquetry 
piinels  in  Marseilles,  in  Austria,  and  Savoy.  Interesting  exhibitions 
weiH^  nuide  by  Oliver  &  (?'0.,  55  Hue  do  Flandi^e,  Paris,  and  Arrowamitli 
&  (\).,  London;  by  Habitz,  of  Berlin,  of  parquetry  in  strips;  Morand& 
(\>M  Hernay,  Fninee,  of  floors  inlaid  in  various  ways;  and  by  Iguatins 
Hilva,  France,  siu'cimens  of  maniuetry  and  parquetry  panels. 

BALLOON  FRA:o:S. 

The  Illinois  oottagi\  or  Amertean  fanner's  house,  sent  from  Chicago, 
and  the  si'h(Htl-hous4\  wert^  almost  the  only  examples  of  what  is  known 
in  the  TniltHl  States  as  '^l>;dhHm  framing*^  or ''balloon  contstraction,^ 
and  it  is  but  little  known  or  nstnl  in  fiuroi^e. 

Tlio  rhieagx>  lvalKH>u-fhiuuMl  hous(>s  anuH>nstructed  as  follows:  When 
no  toundation  of  briok  or  stone  hsw^  Invn  laid,  the  sills  are  placed  upon 
ctHlar  {Hv^ts  the  s;ime  sixo  ac^  the  sills,  and  frt^m  four  to  six  feet  in 
len^rih,  and  they  are  si*t  l>elow  the  n\K*h  of  fn>st,  and  are  baaed  upon 
two  ihiokni>ssi\^  of  planks,  laid  cn%ss-wiA\  aU>ut  two  <eet  sqoare  and 
four  inohos  ihiok.  The  sills  are  tVamiHl  into  the  insists  and  are  framed 
lOj^^'thor  and  >\ell  piuntnl.  lv>th  the  studding  and  the  >Msts  are  Ihnned 
into  the  si)ls:  the  joisr^  an>  laid  double  anMind  all  **f  the  oi^ning&  Al 
the  Oi^rnors  of  :he  baildiujr  two  or  thnv  stads  aiv  plaoed  together,  and 
a«\^  ^0*1  sjv.Wisl,  :4i^  as  To  lusike  ja^o.^i.  siTv^nj:  ivrnt-r  ]v\sts,  F*^r  t^ne-stoir 
h^Mi^'^Ss  ^aV;  pl;^:<'«  art^  ia:d  u:v^n  :be  top  of  thr  st-.>*^Mb^:  tbey  ate  laid 
d*Mibh\  a:^d  ar^'  x»  i  V*  sivAt^l  :*v:x^;iu-T  aini  :o  :h<  sT-i^.is.  Tlw  rafters  aie 
tV:i«Hv,  >K^  AS  to  *v>Ar  VAUra^.x  ;::vv.;  the  ^V,'.  }>**ar<^  Ara:  an^^  "^Tel:  9^«iked  to 

rhe  ev.r.rv  *vi;^to,>e  of :  V  sc-i^^^.iir,^  a:f>*:  r^iVr-rs  •?>  ^^vY-nr^i  -wir^  MvmnMHi 

ar^:  i)>^  rvxv:'  >s  o^^xY-ris;  ^  .:>.  >.l.r,p:-N.  ;*?.:  t<^  as  I:^  ';*:  :i.r*y-  nmej^ 
Dw  ^ix'cs  ATT   ijw,^  v;v^T.  :i«:  ^.ti^cs  jaio,  i:?!  r*j»/»iv,  o.  'wi.  Ti.r^'*urfs  the 

TN  'i*:>.:T«t  JM>.^  ;»i^<^'V  :.^  '.» >.  ♦^  a3n;  *  hi^i.  ir*  tiK  ;'J<n.j^  ji:y^  |«1  op 

\XV«  :K'Cf  ^  :,"  ^v  n^^-of   :>**!.  ran  s5rt:>,Tiw  *cnd»lni^  fs  ?«<:  iw«  the 
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D^iiifd  into  the  HtiuUliii};  on  the  insido  at  the  hoight  of  eiH-Ii  story,  nnd 
the  joists  of  the  npj)er  tloors  rest  npou  this  riblmii  and  are  spikud  to  tlio 
studding. 

SCQOKSnoN    FOB    CHEAP  PIEE-PROOP  WALLS  AST)  FLOORS. 

Oiiu  iniportiint  snhjotit  to  tin?  intiiri'-it  of  the  citiiccns  of  llii^  irnlted 
Stiitt'.»  is,  Diiit  sotiio  jilaii  sliiill  he  adopted  in  thi>  mode  and  nianiiur  of 
rutistrnctitig  limldings  to  prevent,  in  >i  inoasiire,  fhe  hnrning  nf  »U(rh  an 
imineafie  vahm  of  property  as  ia  aunanlly  <u)n8nmed  iu  America.  No 
country  suffers  so  severely,  and  wo  caunot  aflford  it. 

Tlie  reporter  would  resiKWtfidly  suggest  tlnit  all  buildings  shall  be 
•jonatmututl  witli  a  view  to  prevent  such  va*t  destnictioTi  of  pnnKTty. 
The  nso  of  iron  beHUis,  with  brick  ardies  turned,  nmlonbti-dly  arc 
ihe  most  safe ;  but,  as  they  are  somewhat  ox|»en8ive,  the  following  mode 
"t  bnililing  is  conimeudoil  to  the  ni^^uinl  attention  nf  all  Americans.  It 
i>  onv  of  trifling  esi»en«e  coui[iarcd  to  it»  advantages.  It  is  a  system 
I  li^it  Iitw  IXK'n  thoroiigldy  te«tvd.  Ijuy  a  floor  of  seasoned  Iicintoek  tHwnlit 
Tipon  tbv  timbers,  or  floor-joisl8,  and  tlien  lay  a  <Mat  of  ueint-nt,  a  large 
proportion  of  which  may  lie  stiud,  entirely  over  this  floor,  IVom  wall  to 
wall,  of  one  inch  thick  ;  tlien  let  the  cement  be4'ome  tlioroughly  dried, 
over  which  lay  a  floor  of  niatelied  boards,  nailed  with  forty-penuy  nails. 
It'  there  are  wood  pnrtitious,  there  should  t>e  laid  two  courses  of  bricks 
iM'tweeu  the  studs,  and  plastered  to  the  base-bonni,  to  prevent  all  circu- 
lation of  air.  A  floor  laid  as  above  will  resist  an  immense  volume  of 
liaiue  ill  the  i-oom  for  one  hour  t>efore  breaking  through  the  cemeuted 
Bwir  alHive;  and  the  exiiense  of  eemetit  is  only  ten  to  twelve  cents  per 
Mnaro  yard — a  trifling  nnitter  comparetl  witli  its  value. 
TjIs  lias  Ix-en  IvstiHl  by  actual  experiment,  and  found  to  re»iuire  one 
rliefore  the  flru  ignites  with  the  next  story;  and  also  has  been  tested 
ten  the  e«unbnstible  nuiterinl  of  a  hirge  dmggistV  shop  watt  wholly  on 
i,  onruting  an  unmeuse  volume  of  flame,  (the  floor  timbers  above  bnm- 
j  nearly  tlirougli,)  and  tlie  carjwts  almve  were  not  even  smoked  or 
"eauMed  to  111!  taken  up.  Therefore,  any  system  adopted  whereby  the 
Urn  is  eouflned  to  one  room  for  an  hoar,  gives  abundant  time  for  an 
,  otijfino  to  bo  present,  or  to  apply  all  other  means  at  atmnmiul ;  which 
uiuly  is  i>f  gi tuit  nilvanfage  toward  extinguishing  a  fU-e. 
e  above  plan  of  construction  Ii.is  many  advantages.  It  deafens  the 
r,  prevents  all  iniwets  and  fMloi-s  from  passing  fi-om  story  to  story, 
I  wiit«r  in  small  quantities  from  alMive  to  the  ceiling  lielow ;  it  makes 
I  bouse  warmer,  and,  aliove  all,  is  <HitisidereiI  the  eheatH-st  and  one  of 
■  best  rao«ies  of  iHinstruction  to  diminish  the  annual  loss  by  tire  in  the 
ifted  Btates. 

B  wldition  t4i  till'  altove,  everj'  family  should  have  twelve  or  twenty- 
r  imfk  always  tilled  with  water,  at  a  mouient^s  uommaml,  in  Munu 
*  iDt  luculity,  in  ease  of  fire;   for  one  pail  of  1 
%  is  uf  mure  avail  than  twenty  at  a,  later  tims»:J 
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Many  bnihlers  deafen  floors  between  the  timbers,  which  plan  is  not 
as  fxineficial  or  as  safe^  because  all  timbers  season,  and  thus  leave  a  space 
b<;tH'eeii  the  cement  and  beam  for  circulation  of  air ;  and  when  the  tim- 
Ik'T  bums  off,  the  fire  ignites  at  once  with  the  story  above.  .Attention 
has  }>een  called  more  particularly  to  this  subject  from  the  fact  that  insor- 
ance  on  proi)erty  in  France  is  of  minor  consideration;  For  instance,  in 
an  insurance  ui>on  one  hundred  and  fifty  thousand  francs  for  six  monthly 
niK)n  a  house  and  furniture,  the  charge  was  only  fifty  francs.  The  veiy 
nioilest  [)rice  of  insurance  in  France  is  because  they  have  comparativdj 
no  build i  ngs  burned.  '  Their  buildings  are  vastly  more  safely  constmcted 
tlian  those  in  the  United  States,  and  they  have  more  floors  of  brick,  tik, 
and  cement.  Even  their  stairs  are  oft«n  covered  with  tile  and  bricks, 
and  in  thi)  better  class  of  buildings  their  stairs  are  of  stone  or  marUe; 
their  walls  are  mostly  of  stone  and  much  thicker,  and  they  have  less 
wood-finish  in  the  interior. 
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DWELLINGS  CHARACTERIZED  BY  THEIR  CHEAP- 
NESS COMBINED  WITH  THE  CONDITIONS  NE- 
CESSARY FOR  HEALTH  AND  CO'mFORT. 

EaRLT    efforts    to    MPROVB    THB     COXDmON     OP    THE    HOMES    OF    THE    WORIOXO 

CLASSES — Degraded  condition  of  the  working  classes  in  Europe — Causes  of 

THIS  CONDITION — PRINCIPLES  TO  BE  OBSERVED  IN  TUB  F-8TABLISHMENT  OF  HOMES 
for  the  WORKING  CLASSES — SOCIETIES  IN  FRANCE  FOR  IMPROVING  THE  CONDITION 
OF  THE  WORKING  CLAS8F.S — BUILDINGS  ERECTED  BY  THE  EmPEROR — ^ThE  MuLHOUSE 

Society  of  cit^s  ouvri^res — Real  f^state  co-operative  association — Beau- 
court  real  estate  association — french  artisans*  houses — french  shner's 
cottage  at  Blanzy — English  societies  for  improving  the  condition  of  the 
working  classes — metropolitan  association — society  for  lmproving  the  con- 
dition of  the  laboring  classes — improved  industrial  dwellings  company — 
Columbia  square — Miss  Burdett  Coutts's  lodging-house. — Western  farmer's 

HOUSE. 

Group  X  of  the  Exposition  included  articles  exhibited  with  the  special 
object  of  improving  the  physical  and  moral  condition  of  the  people,  and 
in  class  93  were  placed  the  examples  of  dwellings  characterized  by  cheap- 
ness combined  with  the  conditions  neccessary  for  health  and  comfort. 
It  is  greatly  to  the  credit  of  the  Imperial  Commission  that  it  thus  recog- 
nized the  importance  which  the  movement  for  improving  the  condition 
of  the  homes  of  the  working  classes  of  Europe  has  attained.  This  move- 
ment commenced  more  than  twenty-five  years  ago,  but  it  first  became 
manifest  in  the  great  exhibition  in  I85I,  at  London,  where,  under  the 
auspices  of  the  late  Prince  Albert,  a  model  of  a  house  suited  to  the  wants 
of  agricultural  laborers  was  shown.  As  early  as  1844  the  society  for 
improving  the  ci>ndition  of  the  laboring  classes  was  formed  in  London, 
and  a  set  of  model  dwellings  was  erected. 

In  Prussia,  in  1848,  an  association  was  organized  with  the  object  of 
improving  the  homes  of  the  working  i>eople.  It  was  under  the  patronage 
of  the  King,  and  included  Prince  Albert  and  the  Emperor  of  Russiaamong 
its  members. 

LouLs  Napoleon,  in  1849,  when  President  of  the  republic,  turned  his 
attention  to  this  subject  and  erected  in  Paris  a  cit^  ouvriire  in  the  Rue 
Rochechouart,  and  his  efforts  in  this  direction  were  prominent  at  the 
Exposition  of  18C7. 

The  attempt  will  not  here  be  made  to  extend  and  complete  these 
historical  notices  of  the  great  efforts  for  the  amelioration  of  the  condition 
of  the  working  classes.  The  specif  notices  which  follow  will  in  part 
supply  this  information.  The  British  reports  of  the  Exposition  upon  the 
new  order  of  rewards  contain  the  names  of  more  than  tiiiriy  commercial 
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utKlortukiti^H  which  made  returns  of  the  means  employed  by  them  to 
improvi*  thc^  (M>iidition  of  the  laboring  classes.  It  contains,  also,  infor- 
mation ill  detail  concerning  ten  building  societies  which  have  achieved 
grc»at  leHulti^.  The  munificence  of  Mr.  George  Peabody  in  this  direction 
is  well  known.  Tlie  original  gift  of  £150,000  has  been  increased  to 
£:$r>0,(KM),  and  dwellings  for  nearly  two  thousand  persons  have  been 
conii)let4Ml. 

The  iiiduHtrial  Dwellings  Company  (Sir  John  Waterlow's)  provides 
homes  for  four  thousand  persons. 

A  list  of  the  princii^al  exhibitors  in  this  class  at  the  Exposition  will  be 
found  at  the  end  of  this  chapter.  There  were  over  thirty.  Franeetnum- 
beivd  seventeen;  Great  Britain  five;  Belgium  three;  and,  if  we  enumer- 
ate the  Illinois  eott^ige,  the  United  States  had  one. 

But,  although  so  nuu;h  attention  was  given  to  this  class  in  the  Exposi- 
tion, it  cannot  be  said  that  the  displays  were  commensurate  with  the 
importance  of  the  subject  or  the  attention  which  it  has  lately  received, 
not  only  in  Fnuiw  and  Great  Britain  but  in  other  countries. 

Many  of  the  imimrtant  societies  and  organizations  were  not  repre- 
siMitiMl.  But  it  nuiy  be  justly  observed  that  the  benevolent  oi>eration8 
of  tlies**  companies  do  not  permit  of  objective  representation;  they  can  be 
desi*nlHMl  with  givater  sucei^ss  and  utility.  The  exhibition  was  compara- 
tiveh  meager,  but  the  publications  ui>on  the  group  are  by  no  means  so; 
they  aiv  voluminous  and  tHMuprt^hensive,  and  reference  may  be  advanta- 
g^HHislv  made  to  them  by  thi>se  who  are  esi>eeially  interested  in  this  sub- 
jtvt.  To  this  end«  the  titles  of  siuue  of  the  most  important  that  have 
oimio  under  the  writer's  notiiv  an*  subjoineil.* 

It  is  ditlUnilt  for  thivsi^  iH^rsims  in  the  UnittHl  States  who  have  not  inves- 
tigiitiHl  (he  subjtvt  to  understand  the  distressing  a^ndition  of  the  mass 
of  the  w%>rking  iH^pulution  in  Kun>iH*  as  i^tmii^anHl  with  the  condition  of 
our  own  iHvple  who  are  similarly  %HvupitHl.  The  nipid  industrial  expan- 
sion of  the  last  thirty  years*  the  inert\iso  of  large  manufacturing  estah- 
hsluuents.  and  the  ivnse^pient  onnvding  tt^-ther  of  operatives,  have 
%\m\cr:*sl  »iu:e:  >iUa;:\^s  into  bus\  and  i*»^pulous  cities. 

In  tl».:s  luanner  a  \  i:v  bu:it  for  a  :V«  :h*nis;ir.d  inhabitants^  saddenlv, 
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fair  size,  and  well  lighted,  served  as  the  lodgings  for  nine  persons  in 
1855  when  the  cholera  broke  out.  The  epidemic  carried  off  soven  vic- 
tims in  two  days.'^ 

Tlus  state  of  things  conld  not  fail  to  attract  the  attention  of  the  lead- 
ing minds  in  Europe.  Commissions  were  established  and  iuquiries 
made  almost  simultaneously  in  England,  France,  and  Prussia. 

The  late  Dr.  Villerm<5,  of  the  Institute,  visited  and  examined  into  the 
condition  of  the  working  classes  in  the  manufacturing  towns,  and  drew 
a  frightful  picture  of  the  misery',  drunkenness,  and  moral  disorder  in 
which  he  found  them.  M.  Beyband,  of  the  academy,  was  also  deputed 
to  continue  these  studies  among  the  woolen  and  silk  manufactories.  Mr. 
Ghadwick,  in  England,  and  Mr.  Huber,  in  Prussia,  pursued  similai:  inves- 
tigations. M.  Jules  Simon  also  devoted  himself  to  examining  the  condi- 
tion of  the  working  class,  and  published  the  remarkable  books  entitled 
"L'Ou\Ti6re^  and  "Le  Travail.'' 

Perhai)s  not  more  useful,  but  at  least  more  practical,  were  the  efforts 
made  by  M.  Dolfus.  This  gentleman,  an  eminent  manufacturer,  and  at 
present  the  m«iyor  of  Mulhouse,  deemed  the  great  point  of  attack  on  the 
mass  of  evil  so  constantly  increasing  to  be  in  the  improvement  of  the 
habitations.  The  success  of  the  institution  he  has  founded  at  Mulhouse 
seems  to  est^iblish  the  truth  of  these  conclusions,  and  shows  how  far 
inferior  are  the  results  of  cure  and  alleviation  by  charities  to  wel^(Urec^ 
ed  exertions  in  the  way  of  prevention.  It  is  not  therefore  the  mere 
bodily  c<)mfort  of  the  working  people  that  is  promoted  by  these  efforts, 
but  their  moral  elevation  and  well-being  is  involved.  For  it  may  be 
laid  down  as  a  law,  that  the  moral  amelioration  of  the  working  classes 
follows  their  physical  amelioration  as  an  eilect  does  a  cause;  the  moral 
welfare  of  the  individual  being  to  a  gre^it  degree  dependent  upon  his 
physical  condition. 

In  the  esta,blishmcnt  of  workmen's  houses  there  are  considerations 
beyond  those  of  cheapness  and  healthfulness  which  it  is  necessary  to 
carefully  study  and  understand.  It  must  be  rememl)ered  that  the  work- 
man is  not  a  mei*e  animal  to  be  housed  and  sheltered,  but  that  bis  .opin- 
ions and  \^ishes  in  the  arrangement  and  location  of  his  home  ore  to  be 
consulted  and  respected. 

Though  that  type  of  dwelling  which  will  give  the  workman  an  entire 
house  for  himself  and  family,  suiTOun<led  by  a  garden,  undoubtedly  pos- 
sesses the  greatest  advantages,  yet  in  many  locidities  such  a  house  is 
impossible  on  account  of  the  dearness  of  land,  iis  is  the  case  in  large 
cities.  It  is  necessary  to  leave  the  po])ulous  centers,  where  land  is  deai^ 
and  go  into  the  suburbs  to  find  a  suitable  location.  The  workmen^  and 
particularly  those  of  Paris,  refuse  t^)  do  this.  The  city  offers  too  many 
attractions,  with  its  gay  stn;ets  and  public  gardens,  while  the  erection 
of  gnmd  ]uiblic  works,  and  the  objects  displayed  in  the  shops,  oonatitute 
a  species  of  permanent  and  instructive  exhibition. 

In  France,  also,  it  is  only  in  the  cities  that  the  free  boIiooIa  ftr  M^ 
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'II  are  tu  Im"  foiuiil,  mul  tli»>  night  wliools  for  workmen.  Ilio  Ippfnred, 
MnilituniyotliLTadvarita^iiH  of  instruction  fi-om  which  the  workman  liviiiR 
u  the  country  i»  dflKirrpil.  The  womt-n  also  tliiil  it  inconvenient  1o  tji- 
][-<t3ntfrom  the  HhopH,ai)d  the  men  muiiilnin  thiit  riding  in  tlie  ritilvrny 
■■.1I-9  I«  their  homes,  after  a  hanl  day's  work,  is  imcomfoitflbli*  iiud 
la  noting. 

Tt  ia  impoRsthle  not  to  l>e  ittrnck  willi  IJie  truthftiliieKH  itnd  force  of 
tlMAO  argiiinentft;  nor  \n  it  niir|iri»ing  th»t  the  cifyOi  aucrlh'ca  at  a  difitanco 
from  the  city  in  which  the  workmen  are  enipluvr>d  have  not  in  Franee 
geHt>rullj-  proved  suecpiwfid.  It  is  nwessary  also  that  the  workmen's 
lodgiofp*,  wherever  hitilt,  xlionid  vjiry  nlightly  one  f^>ni  the  other  in  Ihe 
itn-augement  and  nnmlM-r  of  their  rooms,  in  order  the  bettor  to  eomply 
uilli  tlienee4la  of  different  fanulies.  If,  on  the  otiier  limid,they  are  all 
iilike,  as  it  lias  been  proposeil  in  some  inittaiicat,  they  will  Im?  rent«<l 
hy  <iiily  A  certain  eloss  of  families,  while  it  is  wdl  known  that  in  all  poor 
imputations  there  Are  familieK  wlio»i^  condition  and  wants  are  very 
difl'ereiit,  and  yet  th»t  they  »re  upnilly  worthy  of  cousidpration. 

It  is  HPCf-jwary  also  to  render  the  home,  when-ver  it  may  l>e,  pleaKaut 
not  only  for  the  wife  and  children,  but  also  for  the  father;  there  in 
nothing  so  trivial  as  to  bo  considennl  unworthy  of  attention  if  it  con- 
I  ribnt«s  to  this  result.  The  woricman,  fatigued  by  his  day's  work,  needs 
both  diverRion  and  reiiose  in  onler  to  maintain  hin  etTtwtive  working 
jHjwerK  In  their  highest  condition.  Anything  whieh,  without  ailding 
'y  to  the  cost  of  eonstnictiun,  will  render  a  house  more  eoiiTe- 
t  and  agre*>able,  which  will  ln-nutity  and  give  it  even  an  appeiimuce 
loxury,  so  that  tlie  legitimate  faates  of  the  occupant  cjin  be  gratified, 
be  the  most  etfective  meatift  of  attaching  the  laborer  to  bi.i  home, 
nieonraging  in  liim  habits  of  order  and  economy,' 
The  moral  of  tJie  whole  matter  has  Ih^'u  fori-ibly  Htated  by  the  late 
Southwood : 

A  <d(}Uu,  fre»h,  and  well  onlere<l  house  exercises  over  its  lnmute;s  u 
no  tess  than  ii  physicut  inllnence,nnd  has  a  din>et  tendency  to  make 
Riemben  of  the  family  sober,  fieaeeable,  and  considerate  of  the  feelings 
and  hnppinesBof  each  other;  norisltdifKealt  totmceai^unneetionlM-tweeii 
haliitunl  feelings  of  this  sort  and  the  formnlion  of  habits  of  respect  for 
iperly,  for  the  laws  in  general,  and  even  for  those  higher  duties  and 
ions  tlie  ob«ervan<;e  of  whicdi  no  laws  can  enfonie.  Whereas  a 
Mqualid,  nnwliolesome  dwelling,  in  whieh  none  of  the  decencie« 
U>  MMMcty,  even  in  the  lowest  stage  of  civilization,  are  or  K&a 
lie  oli»er\'etl,  lends  to  make  ever>-  dweller  in  such  a  hovel  regnnllcM  of 
tliK  rM-liiigii  and  hnppine^^  of  eat^h  other,  selfish,  and  sensiml.  .\  iid  the 
MUDM'tiiMi  is  obvious  lietween  the  rx)nHtant  indulgence  of  apiietilen  and 
ions  of  this  clasH.  and  the  formation  of  habits  of  idleness,  dishonesty, 
lOchery,  and  violence." 

tliew!  general  considemtiotts  it  will  be  obvious  to  all  t 
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there  are  special  necessities  wliicli  must  be  regarded  in  the  erection  of 
buildings  of  this  class,  such  as  proper  heating,  lighting,  and  ventilation. 

In  respect  to  materials  and  methods  of  construction,  it  is  to  be  observed 
that  they  vary  so  much  with  the  requirements  of  the  people  of  different 
countries,  the  climate,  the  cost  of  materials,  and  the  rate  of  wages,  that 
no  general  plan  or  rules  can  be  laid  down  which  will  be  of  universal 
application.  The  house  which  would  afford  a  high  degree  of  comfort  in 
France  would  be  uninhabitable  in  Northern  Germany,  and  the  English 
laborer's  home  would  not  meet  the  requirements  of  our  Western  Ameri- 
can b'fe. 

But  the  general  principles  which  have  been  stated  have  universal 
application,  and  the  day  has  already  amved  when  in  our  great  cities  we 
in  the  United  States  are  beginning  to  experience  the  same  evils  which 
abound  in  Europe,  and  for  the  amelioration  of  which  efforts  are  now  so 
generally  and  nobly  made.^  It  has  therefore  been  deemed  important  to 
devote  considerable  space  to  the  subject,  and  to  describe  briefly  what 
was  presented  at  the  Exposition  in  this  field,  and  to  notice  also  several 
of  the  prominent  associations  which  have  been  organized  and  have 
already  achieved  important  results  for  the  working  classes. 

BUILDING  SOCIETIES  IN  FEANCE. 

THE  emperor's  WORKMEN'S  COTTAGES. 

In  the  movements  made  in  France  for  improving  the  dwellings  of  the 
working  classes,  no  one  has  taken  a  more  important  part  than  the  Emperor 
Napolecm.  As  early  as  1849,  on  his  accession  to  the  presidency  of  the 
republic,  ho  founded  a  cite  ouvrilre^  or  set  of  workmen's  dwellings,  in 
the  Rue  llochechonart,  designed  es|>ecially  for  unmarried  men. 

This  building  did  not  meet  with  the  success  which  was  anticipated.  A 
prejudice,  wholly  unfounded,  was  excited  against  it,  and  the  name  of 

» A  recent  editorial  in  the  New  York  Tribune  state's:  "The  British  metropoHs,  under 
the  tranafonniiig  iniluenceA  of  railwayH  and  skilled  labor,  has  changed  so  much  withhi 
the  last  quarter  of  a  century  as  to  furnish  a  fair  i>arallel  to  the  growth  and  expansion  of  this 
city.  In  both  cities  like  causes  have  destroyed  street  after  street  of  workingmcn*»  lodg- 
ings and  given  theiu  up  to  large  manufactories  and  immense  commercial  houses.  In 
London,  as  in  New  York,  dwelling-houses  of  a  higher  class  have  multiplied  indefinitely, 
while  Htnall  tenements,  so  far  from  increasing,  too  often  fall  before  the  march  ofimproTe- 
ment.  Ever>'body  is  aware  of  the  effect  of  this  policy  in  this  city,  where,  year  liler 
year,  increased  rents  are  dtmiauded  for  })oorcr  lo<lgings.  A  workingnuui  whose  weekly 
earnings  are  from  $18  to  $:U)  (H^r  week  cannot  find  a  comfortable  dwelling  anywhere 
upon  the  island  at  a  rent  at  all  within  his  means,  and  the  consequence  is  that  he  iff 
driven  fVom  the  city  altogether,  or  conq^elled  to  submit  to  all  the  inconveniences  and 
annoyances  of  lower  class  tenements.  Where  a  man  can  place  his  family  in  a  snog 
little  home  in  one  of  the  sumninding  villages,  he  will  find  himself  better  off  t3ia&  in 
contending  against  the  exjictions  of  laniUonls  in  the  city;  but  many  pemons  an  to 
situi^tecl  that  they  cannot  get  out  of  town,  though  it  is  degradation  and  death  to  Btay 
in  it.  To  this  latter  class  Mr.  Stewart's  dwellings,  and  others  which  would  be  flnn  to 
follow  fh>m  his  example.  w<mld  prove  a  1)enefacti(m  without  being  a  charity,  and  •ttai- 
ulate  toil  by  oHifring  a  rei^'anl  to  manly  independence.^ 


"biimitks"  w)t«  a]>i>lk'(l  t<»  the  IfMlKiiifls  w)iicli 
H  Hltbuut^h  tlic  ivnt  was  very  rL-HKr>iia)ile  iiii«l  Ilie  itcatiiitriodu lions  Diiioh 
Viotter  tliari  cuiUil  tw  obt»iiii-d  in  liotisi-i«  in  tin-  qimrtei'  iii  wbicli  it  vrus 
MliintvO,  the  workmen  refuwd  to  ocfii|).v  it. 

Ill  November,  181fl,  a  RoinDiiHsion  was  sent  to  l^nglatid,  under  IliP  diiw- 

1  ion  fif  tli<'  ministoi'  of  coinuieit*',  for  tUo  [mriH»w  of  xtuilying  tbe  roi'itltA 

<<l>t)iitK*4l  in  ttio  couHtniction  of  improvetlilwellinga  t'lirtbf  working fOiws 

by  Mk.^  Metropolitan  Association,  nnd  in  IHTiO  and  IftSl  tlie  r^fiorti*  of  ttm 

iviiiiuiisMon  were  publisliwl,    Tlify  mnlnin^Hl  mnny  imporltuit  tind  val- 

nnlilffnets and  sngjtestions, nnd  among tlieiunasatmiistiit ion  into  Kn'nt.'h 

of  I  be  nii-ntoir  of  Mr.  Itobcrt  8eott  Bnnison  "Dwelbngsfor  tbeWurkiim 

Cbisstuf."    In  1852,  by  a  ^jwcial  det^ivi',  ii  loan  of  t4.>n  miUionH  of  fhinm 

was  eB'epted  for  tbu  improvemmit  of  worktnginen'H  bouxeH  in  large  citien, 

and  during  the  same  year  the  firitt  amount,  lin^  bundreil  tiionsnnd  fhiuiti, 

watt  pla<r(^  at  the  diB]>0Hnl  of  the  minister  of  interior.    The  objwt  of  this 

liiau  WiiM  not  to  construct  builiUugs  at  the  espeiii>e  of  tlie  sliite,  but  t^j 

aid  in  the  fonnntion  of  ooeJetieK  by  gimrHOteeing  to  theni,  by  UKiin^  of 

^Hgwidiits,  oite-tliini  of  tbp  cont  of  the  buildingn  t^mctod  by  tliein. 

^^H&8  an  immediate  result  of  tbis  legiidntion,  seven  Hct«  of  buildings  were 

^fncted  in  Paris  in  tin?  eourse  of  two  years,  miinoly,  the  cil^  Napoleon, 

^tne  buildings  in  the  Rue  Boelieclionart.  tliose  of  the  Gliai>elo  8l  Denin, 

tlioso  of  t lie  Boulevard  Slazas,  those  of  the  Boulevanl  Batignolleii,  those 

of  Ui«  itne  tU-  Montreuil;  in  the  provinces,  the  cit^  of  Marseilles  and 

e  tlirw"  htuidivd  lionses  which  the  model  village  of  Mullioa»e  contained. 

^XVinr  new  villages  were  als<j  autborizod  to  be  bnilt  at  Marseilles,  at 

Ule,  and  at  I*aris.     In  adtbtion  also  to  the  Hubnidies  fhriiiuheil  by  tbe 

alittw  of  interior,  the  Emjjeror  gave  Inr^  sums  frtuQ  hia  civil  list  for  t  lie 

t)»oiiw  i>f  aiding  and  assnring  the  success  of  tbew  new  enteiiiriseH. 

^wrlnl  meiisiireit  wei-e  taken  to  call  the  attention  of  areUit4.^cts  to  this 

In  185:i  a  eom[>etitive  exhibition  v:im  oiwued  for  plans  for 

nrkmenV  liunites;  a  prize  of  $l,b<Ml  was  awarded  to  M.  Pnteaus,  of 

^,  and  subsidies  were  (p'aiited  to  bini  ill  addition,  for  the  purpot>e  of 

■■^Ijnflding  thirty  liouses  Hinitlur  to  Ids  plans. 

In  addition  to  thosi-  enteri'rises  Mibsidtzed  by  the  govi'nmient,  u  large 
nnmlwr  of  others  were  nndertiiken  by  companies,  or  by  Ibe  liewls  of 
uinfiictiiring  ^^8ti^bli8bn^eIlt«,  and  in  some  caKt^s  by  private  indJ\-idunIs. 
e  most  Mitisf actor}-  results  have  hwn  obtained,  and  tli«  movi*mMit 
^cb  wa»  set  on  foot  by  the  nieitaures  taken  l>y  t  lie  Emiieror  lias  spread 
evpxy  part  of  France.     It  is  no  more  than  justici>  to  say  that  the  sim'- 
iBOf  this  movement  and  the  inifM^rtant  results  which  have  b«>n  obtained 
France  are  mainly  due  Ui  the  initiative,  the  encouragement,  and  to  (he 
riiest  and  incessant  etforts  of  Napoleon,  Ixith  as  I'resideut   i>f  tli9 
bulilie  and  as  Emperor.     In  addition  to  the  eslahliabuienti*  befi>i«  u 
,  oieatture.*  have  lieen  Uiken  in  Fi-ance  tii  iLssoeiute  the  wuAU 
t  in  effurtJt  to  improve  the  eondiiiou  of  tlteirdtrdliugs, 
(^tbe  workmen's  t  dla^e  at  Miilhoiise,  wUidi  will  Iw  refer 
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licre.after,  shows  that  by  economy  and  saving  a  workman  can  iu  a  few 
years  become  the  owner  of  the  house  in  which  he  lives.  It  is  tme  that 
up  to  this  time  societies  like  those  of  Mulhouse  have  been  initiated  and 
supported  by  wealthy  capitalists,  but  there  is  no  reason  why  workmeti 
may  not  combine  among  themselves  for  attaining  the  same  result,  and 
the  success  of  the  co-operative  societies  generally  in  England  and  other 
countries  would  seem  to  indicate  that  the  plan  is  neither  chimerical  nor 
impracticable. 

In  the  International  Exhibition  the  Emperor  appeared  as  an  exhibitor, 
and  his  sendees  were  recognized  by  the  award  of  a  grand  prize.  The 
buildings  exhibited  by  him  being  of  large  size,  could  not,  save  at  great 
expense,  be  reproduced  in  the  park,  nor  would  models  furnish  an 
adequate  idea  of  them.  They  were  to  be  seen  in  the  places  iji  which 
they  were  permanently  built,  in  the  Avenue  La  Bourdonnaye,  in  the 
vicinity  of  the  Champ  de  Mars,  and  in  the  Avenue  Dausmeiiil,  in  the 
neighborhood  of  the  forest  of  Vincennes. 

The  first  range  of  buildings  was  composed  of  four  contigaons  houses 
five  storfes  in  height,  with  shops  on  the  ground  floor,  containing  each 
eight  sets  of  lodgings  on  the  four  upper  stories,  and  containing  in  all 
apartments  for  one  hundreil  and  sixty  families.  The  second  group  of 
buildings  consisted  of  fifty  houses  containing  in  all  more  lodgings  than 
the  group  of  the  Champ  de  Mars.  The  peculiarity  of  these  buildings  is 
that  each  set  of  apartments  has  a  separate  landing  and  staircase,  so 
that  they  are  rendered  indei>endent  of  each  other.  The  cost  of  these 
two  gi^oups  of  buildings  exceeded  one  million  francs,  which  was  con- 
tribute<l  by  the  Emperor  from  his  private  fimds.  The  group  of  the 
Avenue  1a\  Bourdonnaye  is  to  be  sold,  and  the  money  devoted  to  the 
erection  of  another  group  of  similar  buildings  iu  some  other  part  of 
Taris, 

The  fifty  houses  of  the  Avenue  Dausmenil  have  been  given  by  the 
Emi>eror  to  an  as^iR'iation  of  workmen,  who  have  formed  a  co-operative 
society,  the  object  of  which  is  to  phuN?  it  within  the  power  of  every  fam- 
ily to  purchase  the  house  it  lives  in. 

This  society  is  the  same  which,  under  the  name  of  the  '•Associated 
Wurmen  of  Paris,'*  hiis  coustnictetl  the  hiuise  for  six  families  exhibited 
iu  the  Champ  de  M;ur& 

The  awiurd  to  the  Emi»en>r  by  the  imi^rial  ctnnmissioii  of  a  grand 
priie  was  a  mi>*t  pn^n^r  iveoguition  of  bis  servicer 

It  was  given  to  him  not  as  the  heanl  of  a  powerful  iiatioD«  bat  for  bis 
individual  serviivs,  for  his  c\>usiant  attention,  for  his  advice  and  encoor- 
ajseiueut^  and  for  all  thi^'  acts  which  have  eontnbated  to  so  large 
an  extent  to  the  ad\*aiHvmeut  of  the  imiH^rtant  work  of  imiiroviiig  the 
comlition  of  wi^iii^i^itteuV  houses  in  ^ner^«  and  i^sutieofaurly  those  of 
mauufinMuriu^  cities. 

In  Ctes$  ^  there  were  fW^ai  Pr^inee  seveniem  exlubiuws^  six  of  whom 
dis|d«Qred  fVOl^wd  WK^Iete  of  the  b«ihli«c»  eiert«d  by  thMa,  while  the 
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hitiiiuler  exbibited  mil>  pl.iu.t,  (lesi^'iis,  ami  »iiia11  Huxlcla  of  tlieir  build- 
I  number  does  not  iut^Iude  all  fbe  socifttps  in  Fraiioc  for 
imiii-ovinp  rlip  (loiidition  of  tht;  workinjtmeii,  tlniiigli  It  dof«  Incbulc  iIr* 
iiiO!*t  iiiiportiiiit  oiicjj.  It  is  proposwl  to  mriition  brii-tly  ii  few  of  tbew. 
did  sbow  the;  ri'stdLs  wtiich  tticy  have  a<.'n)iuijlisbi;<l. 
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^|CDi«  vuiiditiun  of  tlie  workiiijfuien  and  thuir  families  in  Ibu  initniifac' 
Hnrlng  eity  of  Mulliousi:'  Imd,  fur  a  lon^  time  |Hior  to  the  t'ormntioa  of 
^^fie  aotdpty  of  cit/s  oueri^rcs,  attracted  the  attention  of  the  mo«t  enlight- 
cnfd  and  intcIUtrcnt  raanufaoturers  of  Iloit  dty.    The  price  of  hxlcin]^ 
WHS  i'xcfpliiin;ii)l_v  high;  fifl«eii  and  ft'eqnently  fight<*n  francs  being 
paid  piT  aioiiUi  fur  ro«>ni8  whicb  admitted  of  none  of  th(>  comfoi'Is  and 
very  few  of  thu  dcwndt'S  of  tifi-.    Tbis  society  wad  estubliabcd  in  l«o.t. 
ItJ*  object  wastwo-rold — to  fnrnishtbe  workmen  with  Biiitjiblo  dweUinss, 
aud,  at  the  same  time,  U>  ailoi-d  a  permanent  and  safo  invcstuieut  lor 
CJipltiU.    The  location  cIiom-u  for  the  cite  or  workmen's  village  wajs  near 
Mulbousi^',  on  a  broad  pliiin  which  sti-etebes  between  that   phwe  aud 
Domaeli,  where  the  drainage  waa  good,  the  air  pure,  aud  untainted  l»y 
tbe  smoke  an<l  odors  of  n  city.    We.  must  pass  over  withont  mentioning 
the  many  dilUeiiUies  which  beset  this  uew  undertaking.     It  was  fortu- 
nate in  liiiviiig  for  its  members  men  of  ii  high  degree  of  ability,  who  were 
^^^jpre«sed  with  the  ueauwity  of  rendering  this  new  project  suet-esMful, 
^^B^  who  gave  to  it  their  most  enmeRt  i»>-opei-ation. 
^^^BliB  pra*.'tical  diltlcultie.s  of  iu)nstrnetion  weit'  overcimie  by  their  artdii. 
^HCt,  Mr.  MuUer,  to  whom  is  largely  due  tbe  uncc^ss  of  this  inslitiillon- 
The  first  bouses  were  constructed  in  11S53,  four  huuilreil  and  twenty  -eight 
iu  numlH-r;  of  tliese  thrt*  hundred  and  eigbty-four  wei-e  sold  during  the 
llrst  year.    The  number  of  lionseH  in    ISOti  was  eight   hundred,  aud 
material  aud  flnaric-ial  cundition  of  the  si>ei('ty  was  euiiiiently  jirosiHTons, 
Tbe  following  c-itriict,  trinislatwl  tVom  Ihe-liuy  tieports  of  the  KxiMisi- 
lioo,  gives  an  excelli-nt  idea  of  the  [ireserit  condition  of  this  so<:iety,  aud 
^_ diOieulIies  wbieb  have  l>een overcome :' 

r-Tliv  i^iciety  of  Mulhou^e  has  tried  various  plans  for  the  amuigi-ment 
he  bousen  wbich  they  have  eoustrueted.  but  the  houses  gntu|H-d  by 
L,  like  tbe  s)HH-Jnieu  on  exhibition,  apiM-.ar  to  hn  almost  exclusively 
Each  building  contains  four  sets  of  lodgiugs,  and  is  plueed 
t  the  etuit^r  of  a  reetaiigular  garden,  divided  into  foui*  portions  of  (Mptal 
^ze  nml  similar  Kha|K%  so  lliat  eiu'h  family  bas  one  of  tJiese  portions  ai- 
taclted  to  their  dwelling.  The  lodgings  are  absolutely  distinet  IW>m 
each  otiier,  baving  tiotkiug  in  common  liut  tlie  )>nrt,\  walls  which  divide 
Tbe  amouut  of  liviiig-i'oom  iu  eaeb  set  of  lo<igi[ii;rs,  deducting  ti 
•  ooeupiitd  by  the  partition  wulLs,  is  five  meters  by  i 
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^O^uiid  floor,  and  5".05  by  5"^  on  the  second  storj- — ^being  in  all  55" JvJ 
Hiinare  meters,  whieli  iiemiits  of  a  kitchen  and  living-room  on  the  groond 
floor  and  two  bed-rooms  above.  This,  of  course,  is  independent  of  the 
cellar  and  garret,  which  is  the  fiill  size  of  the  bnilding  divided  into  four 
ecjual  parts. 

^^  There  are  also  other  houses  of  different  sizes,  and  arranged  on  different 
plans,  so  as  to  comply  with  the  different  wants  of  the  inhabitants. 
Some  have  one  story  only,  others  have  two,  and  the  grouping  is  some- 
times in  rows  and  sometimes  by  fours  as  before  described.  The  Isu^t 
aiTaugemeut  is  the  favorite  one,  both  on  account  of  the  economy  of  cou- 
stuction  and  on  account  of  its  admitting  of  windows  on  two  sides  of  each 
lodging.  Houses  built  iu  this  way  are  less  exjiosed  to  the  variations  of 
the  temi)erature  than  those  standing  by  themselves. 

^*  Whatever  the  arrangements,  however,  each  house  occupies,  with  the 
gaixlen  about  it,  one  hundred  and  sixty  square  meters  of  land,  of  which 
the  gjirden  occupies  about  one  hundred  and  twentj*  square  meters. 

'*  Bv  the  last  returns  of  the  societ v,  there  existed  at  Mulhouse  twelve 
groups  of  contiguous  houses,  in  rows  of  ten,  eighteen,  and  twenty,  in 
all  one  hundred  and  ninety- six  houses;  four  groups  of  houses  standing 
by  themselves,  in  rows  of  ten  and  of  four,  in  all  twenty-eight  houses; 
one  hundred  and  forty-four  groups  of  houses  in  fours,  in  all  five  hundreil 
and  si'venty-five  houses;  making  a  total  of  eight  hundred  houses. 

''  There  are,  in  addition,  bath-houses,  a  laundry,  a  baker's  shop,  a  restau- 
rant, jind  a  nurseiy,  which  contributeil  U^'gely  to  the  well-being  of  the 
inhabitants,  and  toward  the  construction  of  which  the  government  made 
a  donation  of  three  hundred  thousand  francs.  Broad  streets  bordered 
with  sidewalks,  and  planted  with  trees,  and  lighted  with  gas  by  night, 
separate  the  groui>s  of  houses  from  each  other.  Some  of  these  houses 
may  1k»  rather  more  desirably  locateil  than  others.  The  houses  are  pro- 
videil  with  water  and  gas,  and  the  supply  of  both  for  private  and  public 
uses  is  abundant.  The  price  of  the  houses  making  one  of  a  gnmp  of  four 
is  two  thousand  six  liiuidred  and  fifty  francs  for  those  of  one  story  only, 
and  three  thousand  four  hundi*ed  francs  for  those  of  two  stories. 

"The  object  of  the  society  is  to  sell  these  houses  to  the  workmen,  and 
not  to  rent  them,  and  for  this  puri>ose  they  have  had  recourse  to  long 
terms  of  cnnlit  and  annual  payments.  The  purchaser  i>ays,  acconling 
to  the  value  of  the  proi>erty,  from  two  hundreil  and  fifty  to  three  hun- 
di'ed  francs,  cash  down,  which  goes  to  pay  the  charges  incident  to  the 
transfer  of  the  proinnty  antl  the  ex[K»nses  of  the  Side,  which  is  not  con- 
cludeil  till  after  a  certain  time,  when  the  soi-iety  is  convincetl  that  the 
purchaser  is  iu  earnest,  pays  his  money  regidarly,  and  is  in  a  fair  way  to 
buy  the  house  within  the  siKH.ntieil  time.  In  addition  to  the  first  i>ay- 
uient,  the  purchaser  of  a  houst»  worth  thrt»e  thousand  francs  has  only  to 
IMiy  tw«uty-five  francs  a  month,  or  thn»e  hundreil  francs  a  year,  which 
is  but  ver>-  little  greater  than  the  price  onlinarily  ^mid  for  the  rent  of 
a  house  of  the  same  kind  in  the  city.  At  this  nUe  the  workman  will,  in 


"  Hiirh  u  rt'sult  iLH  lUis,  oav  can  easily  nee,  could  not  have  been  nttntued 

i-xcppl  Iliruiijrh  the  cliiiiiitpre.<)ted  cffurtR  of  thp  f(iiiii(li*rtt  of  tlic  rilf,  witli 

whom  tlit>  pritDary  motive  wu»  a  [thilauthifiitic  »iif.     Thoir  luborK  hHV(> 

lMM«n  entirely  gratuitntis,  and  tlicy  h«v^  beon  contt'iit*-*!  with  a  jirotit  of 

four  iHT  cent,  on  the  cii)>ital  inveM«il.    The  iissistautw  from  Ibn  eoveru- 

inent  hsui  hu-gely  niiloil  the  opfrutiuatt  of  the  aoi-icty,  by  relieving  theni 

^Hdiu  a  lArp;e  pnrt  of  tlie  c\i>L<nse  neceHAary  for  public  works,  nui'Ii  as  the 

^^■QBlruetioii  uf  the  strcctn,  the  bathH,  »nil  othcu-  bnililineH. 

^Bf'' Without  fui-tlier  rnmiu-k  on  our  pnrt  it  will  bo  oufSeient,  iu  niih-r  t^i 

nppreuiaU  tbo  natnri'  and  imi>ortun<'e  of  the  re^nltK  obtaiueit,  to  cite  tUi^ 

fulloM-in;;  paAMi^e  from  it  report  presentcil  to  tlio  [niliistriitl  8o<-iely  of 

MulhouHe,  by  Dr.  A.  Pf-not,  in  August,  lUtio,  the  tignrei*  iu  which  have 

l»oeu  clmiigetl  m>  hh  to  show  the  eonditiou  of  the  society  on  the  .list  of 

December,  ISWl." 

'•Aft«i-  »t»tiug  the  fact  that  of  the  oiplit  hundred  houses  of  which  the 
town  18  coiiiiwKi-d,  six  hundred  and  eighty-four  have  been  tK>uKlii  I'J  tbp 
workmen,  the  author  addn:  'Of  this  number  of  six  hundred  and  eighty- 
lour  houneit,  sold  up  to  Dwwmlver  .t],  one  hundred  and  twelve  have 
^MMnpaid  for  in  l\ill,  and  the  larger  [>art.  of  thoMe  which  wen^  couxtnicti-d 
^^DS^  aixl  l''^'>4,  during  the  flrst  two  yvnn  atter  the  establiHlimcnt  of  the 
^^nftfCe>  havi!  only  small  anmimls  HtiU  due  on  them.    Jn  this  way  the  work- 
men have  become  proprietorw,  foi-tnn»t«-ly,  by  a  system  of  economy  wisely 
pi-»cliced,  a  retsalt  wbieli  till  within  n  few  yeara  they  could  not  hiivc 
dared  lohope  for.' 

■'On  IheSlstof  Dee^mlwr,  IStiO,  the  society  had  ptiured  to  the  debit  of 
the  |)urchaM<rs  the  sum  of  2,491,119  franca,  divided  as  follows: 
Sale  of  six  hundred  and  (teventy-aix  workmen's  houws  l,»a7,6L*5  tVancs. 

Sale  of  eight  overseer's  lionses 63,C(W  fhincs. 

KxiM'n.-tex  for  tiiinsferof  property 117,3fi8  fVanes. 

Interest  sinec  l.S.'W SST.t'tM  ft-»Me«. 

sand  tuHirann' • ;..; 35,l!42  francs. 

Total 2,491 ,1 10  francs. 

t^Ou  the  other  band,  the  books  of  the  society  show  that  tbetv  is  still  to 

I  paid  by  tlic  pnrchaMcrrs  the  sum  of  oue  million  one  hnndn^d  and 

B  cbunsand  four  hundred  and  sixlyoight  fnines,  by  which  it  is  seen 

t  l3ie  society  has  already  iveeived  the  dilference,  which  iimounted  to 

B, million  ihriH*  hnndi'etl  and  eighty  one  thonsiind  six  humlred  and  Hf- 

b  (VuneS;  Ifwe  dwlncl  tVom  this  lust  nunilsT  the  warn  of  thirty  tbi-ee 

id  Bve  hundrt-d  fniiies  due  by  the  imn-biisers  to  the  Crrdil  Foa- 

Fmuci',  which  hiwi  advuneiMl  this  sum  lo  them,  it  wit 

e  eutin-  %-alne  of  the  property  aetguired  by  the  workm 

'  hundred  and  lifty  thousand  fnnics.  and  this  i»,  ai 
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alnmily  iiad  occasion  to  say,  the  sum  total  of  savings,  for  thirteen  years, 
of  a  popiihition  whose  number  during  that  ])eriod  certainly  has  not  aver- 
agtHl  two  thousand  souls. 

*»  Su<'li  facts  as  these  show  what  an  effect  the  desire  of  projiert^^  has  in 
promoting  among  the  poorer  classes  habits  of  order  and  frugality,  and 
aix'  themselves  the  best  ai*gumenta  against  those  attacks  which  have 
iK'en  leveled  agtiinst  such  institutions  as  that  of  Mulhouse. 

**  It  has  l)een  observed  that  if  the  acquisition  of  proi>erty  by  annual 
payments  on  long  time  has  some  advantages  in  its  normal  condition, 
that  is  to  say,  when  tlie  workman  can  meet  his  engagements  promptly, 
it  is  not  the  same  when  long  stoppages  in  the  work  occur,  when  the 
eharaeter  of  the  industry  is  changed,  or,  as  it  must  frequently  happen,  the 
worknnin  falls  sick  or  dies. 

"  When  the  workman,  from  whatever  cause,  cannot  find  sufficiently 
luenitive  iKTupation  in  the  place  in  which  he  lives,  nothing  can  be  easier 
for  him,  if  his  money  is  in  the  siuings  bank  or  in  public  securities,  to 
move  to  some  place  where  he  c^m  gi»t  better  pay.  If,  on  the  other  liand, 
he  is  eng2igiHl  \\\  purelmsing  a  piece  of  property,  by  annual  payments  on 
long  time,  he  will  lie  bound  to  the  place  where  his  proi>erty  is  by  a  tie 
ahnt>st  im|H>8sible  to  break,  which  will  be  a  source  of  discomfort  and 
niisi^ry  to  him,  instead  of  eiise  and  happiness  which  he  had  looked  for- 
wanl  to.  1  f  he  diecss  his  widow  and  children,  whether  the  house  is  wholly 
or  only  in  i^irt  iKiid  for,  may  find  it  extremely  ditlicult  to  dispose  of  the 
capital  v^ivihI  by  him  during  his  life,  and  on  the  fiiilme  of  his  |Miy,  espe- 
cially if  the  family,  av^^  isolten  the  case,  eani  nothing  for  themselves,  their 
ivndition  cannot  fail  to  Ik»  deplorable.  When  to  this  is  added  the  diffi- 
culties of  guanlianship,  division  and  sale  of  the  prtiperty,  and  the  inci- 
dental o\|H'n$^\s  it  would  Sivm  that  the  impr^^vemeut  which  societies  of 
this  kind  have  had  in  view  have  not  Uh^u  fully  realii:ed. 

^^  Tuest'  objtvtions  would  have  weight  if  in  aildiiion  to  insiimtioiis  like 
I  hat  of  Mulhous^'  therv^  wert^  thost^  which  by  other  means  than  the  desire 
of  pr\^|H^rt\  had  sui\^\xU\l  to  the  same  extent  in  causing  the  workmen 
to\\Mithlm(e  to  Their  own  pli>sioal  and  mond  impixA^ement^  while  at  the 
Si^me  lime  the\  \\or\^  enabUxl  to  lay  b\  a  )v>niivii  of  their  earnings.  It 
)s  ntw>ssiir>  n\M  :o  l%v^^  sij:h;  of  ihe  f,iot  ihat  by  di^s^'ai^ing  a  means 
\\huh  IS  ?ai»  ofiVv;;\«^ — jha;  of  \\nis;tvu;\n^  impix^ved  dwellings^— aii«I 
>Rhich  ^\v«isis;s  in  a:$!^v^\):i;t^  ;Iu'  «^^xnu-n  uv  an  oi^^t  in  which  they 
iWm^^'^lxi'S  atv  d;nv;4y  :u:t^ix^*^i.  the  *w:>  w*y  w^mhl  he  invvocably 
o^\!^\)  nh^h  !t\i«)s  m^  tK>I\  lo  l^val  a»d  ]v»n:jil  nftsults^  like  tho^  ob- 
t;iihKNi  ;r|>  lo  ;he  |%;\>>«i''n;  ;;aH\  Ik^:  to  pi  :x'-r^  nf^^iadis  whidi  aiv  elosely 
n^UM  :*>  ;hi^  :n^,^vvrta»:  *^N^v^>  in  x;?  w.  1\\  iiivitafe-:  the  wiivkmaa*  by 
the  «k<>;ni^  ^^s  a«A)u:r«n4:  iV^v.^vf^\«  «hv:)  ;s  «y>i<  «^'  t^M-  aK>i$;  {hC^vvrM  mo- 
:;\xis  :4^  a<':^^>,  :o  j^':*;:)^  a:  :h<  ^o^x^  «^  sa\  ;:l^4^^  an^As^iw^i  with  dittc«li;y*  a 

In  l«Mic)i:%^  l;;3w  >.a"v:s  *^f  *>5\k-3r*  Ka:  >ijs  >4ViAl  <sxn<^itKW  hy 
a  |«vi|Wi<^K,    Ir,  ;h^  ^'a>  a2:!4^  tlw-  ai^^ttry  ;»»  «ft\^  cmi  he 


B  ntnKtnictioii  of  a  secutul  Iioiise.  by  iiit'uiis  of  wlik4i  thv  xamt^  bciicfiM 

n  tii<  platietl  at.  t.bi>  diMpoNuJ  iif  still  aiiotiier  tiiniily." 

"  To  obtniii  this  result  is  in  oiir  opioioii  nil  iiuiKM-tjiiil.  The  jilan  atlnpted 
Ity  llie  sucinty  of  MiilboiiRo  has  l>ecii  eiilincnlly  sarc^ssful,  aiul  iiai; 
been  liuit«il^(l  ljy  a  gi'eat  iiuiiiUer  of  mieic-tios  in  oilier  Incalitien.  Mihv- 
ovei',  exiK'm-ni*  Inu«  Mliuwn  tlwl  even  if  thu  Imbit  of  wtving,  which  in 
itMLtlf  lijui  uo  iittractiuiitt,  is  iinivticed  Ijy  curbiiu  faniilivi*,  as  the  regnlnr 
deposits  iniuli)  it)  thu  savings  banks  iind  other  inntitutionM  prove  to  lie 
the  ease,  the  miins  savexl  in  this  way  cannot  be  (»>inpurvd  with  thnm 
which  the  desire  to  hold  pmjjcrty  has  caused  t*>  be  aceuniuliite<l  within 
ll)i<  Imtt  thirtxM!n  yenrs  At  Mulhonw  out  of  a  impulation  averaging  not 
nioi-e  than  thri'c  hnndivd  and  forty-two  families,  who,  besides  this  saving, 
1)11  ve  also  partielpiitfHl  in  the  beuefitK  of  co-operative  aot-ietios  and  maile 
di'iHJsits  in  the  hanks.  If  also  the  difilcnUiet*  inherent  lo  the  ti-ansmis- 
sion  of  real  proi>erty  art^  insisted  uiMiii,  it  win  Ihj  said  in  most  cases  that 
if  the  workman  did  not  have  this  kind  of  i»roperty  to  lenvo  to  liia  chil- 
dren he  would  leave  them  nothing  at  all. 

"  FiiuUly,  whatever  opinion  is  expresset^l  on  tiiis  sultln^t,  there  in  one 
nt  upon  which  there  can  l«'aodoubt,  thatas  regards  the  moriil  and 
ucal  elevation  of  tliu  workmen,  the  practice  of  economit^ivl  luibits  in 
r  that  they  maj'  Ike  able  to  purehajw  healthy  and  (M>nifortablc  bouses, 

^oooiipation  of  which  eonnaenecN  th)rte<-n  yeari*  U'fore  they  are  jtaid 

lis  very  different  fi-o'm  liio  development  in  the  workman  of  miserly 

■  avuieioua  habits." 

ISTEttNAL  ARRASGEJIEST   «'F   5ULIIOUSE  DWELLINGS. 

"  The  bed-rooms  are  airy  aiid  well  lighteil.  One  in  apportioned  to  tho 
nnd  and  wife,  one  to  the  snn^  and  one  to  the  daughters.  The 
llioda  of  heating  an<l  ventilation  have  been  earefiiUy  studied.  The 
"cart-iron  stove  which  heals  the  living-room  h.is  warm  air  pipes,  funnsbeil 
with  registers  so  arranged  rh.it  the  ajiper  chambers  can  be  sutllcicntly 
wanned,  and  the  air,  by  being  constantly  renewed,  ke|)t  pare  and  fresh, 
(ireat  run  lia.s  Itwn  Wken  in  the  e<'.niiomy  of  tqiaee,  and  in  the  ai-range- 
meiit  of  the  nioms,  and  the  bouse  i.s  tin  lieitltby  and  comfortable  as  can 
be  desired. 

-  "  The  work  aeeomplishert  by  the  Mulhouse  SMxriety  of  cit^s  ourr/.'Tr*  is 
|ir  example  of  what  ran  be  done  in  a  large  mnnufacturiug  city  by  a 
ISvate  association,  animated  by  sentiments  of  elevated  philanthropy, 
I  at  the  same  tinn'  by  a  high  appreciation  of  the  tine  interests  of  the 
By  the  formation  of  a  company  of  twelve  mauufaetarcrs  only, 
ba  eojiltal  stock  at  Hrst  of  three  hundred  thousand  francni,  which  was 
wMrds  fnereased  to  Ihree  hun<)red  ami  flfty-five  tlioiisiind  fran<'»,  by 
the  adniissioti  of  uine  new  it ock holders,  a  town  of  six  tlinusiind  inhabit- 
ants has  U-en  cn-ated :  sis  hundred  and  forty  eight  families  of  workmen 
Ulte  already  Inrconie,  or  are  in  the  way  to  beconie,  the  owneix  of  the 
■  iu  which  they  live,  and  for  a  large  porituii  of  the  eiitint  popol»_ 
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tion  the  most  radical  and  desirable  changes  a8  regards  lodgings  have 
been  eflfeoted. 

"  The  relations  of  the  society  with  the  workmen  render  it  possible  for 
them  to  see  that  the  childreh  are  first  sent  to  the  nursery,  and  later  to 
the  schools,  so  that  in  addition  to  the  physical  amelioration  the  moral 
amelioration  has  l>een  equally  rapid«  Not  only  is  a  change  to  b©  seen 
in  the  families  brought  directly  under  the  infiuenee  of  these  reforms,  bat 
a  marked  iuiprovement  in  the  tone  of  society  may  be  noticed  tbroogh- 
out  the  place.^ 

These  facts  are  substantiated  by  Jules  Simon,  the  most  eminent 
writer  in  France  on  the  condition  and  future  of  the  working  classes  In 
referring  to  this  society,  he  says : ' 

"On  visiting  the  cite  ourri^re  of  Midhouse,  a  strong  desire  is  felt  to 
see  this  institution,  so  excellent  in  its  results,  established  everywhere 
throughout  France,  and  the  observer  cannot  fail  to  be  snrprised  that 
the  example  set  by  this  city  six  years  ago  has  not  borne  fruit  in  other 
places;  but  while  in  other  places  there  are  merely  projects  and  trials, 
this  society  has  realized  what  others  have  only  dreamed  of. 

"It  can  be  said  without  hesitation  that  there  is  not  an  academy  in 
Europe  which  has  shown  so  much  intelligent  activity,  and  rendered 
such  eminent  services  to  the  cause  of  industn-  and  hnmanitv  a$  this 
society.  It  is  an  association  between  the  first  manufacturers  of  the  dis- 
trict for  studying  all  industrial  questions,  for  rewarding  and  propagat- 
ing useful  discoveries*  and  for  inaugurating  all  possible  improvements 
in  the  habits  of  the  workmen.  A  watchful  care  and  interest  for  the 
workman  is  its  peculiar  characteristic,  and  it  is  by  this  means  that  it 
perfonns  such  incalculable  8er^ices.'' 

^*  It  was  the  first  to  [)erceive,  and  has  demonstrated  to  alK  that  a  good 
workman  is  the  great  agent  in  the  increaise  of  national  wealth,  and  that 
by  caring  for  his  well  l>eing,  both  [diysical  and  moral,  an  act  is  done  not 
only  giKHl  in  itself,  but  the  results  of  which  are  most  beneficial  to  the 
nation.** 

It  should  l^  state<l  that,  since  the  publication  of  £'Oicrr*rrf«  from 
which  the  alM^ve  extnu»t  is  translateil,  the  example  set  by  Mnlhoose 
has  been  followeil  in  the  majority  of  the  mannfactnring  cities  where  the 
conditions  of  life  aire  analogous.  Workingmen*s  villages  have  been 
fouudetl  at  Guebviller,  Btniucourt,  Oolmar,  ami  Mareq-en-BareoiK  all  of 
which  an^  in  a  fiourishing  innulition. 

REAL  ESTATE  0*-OPERATIVE  ASSOCIATION. 

**The  tV»llo\ving  is  a  tnuishition  of  an  article  published  by  Stanislas 
Ferrand  in  the  Journal  des  Trt^prietairvs**  des«*nbiug  the  obfeets  and 
o|ienitions  of  the  Sivieto  iVoiH^nitive  ImuKtlnliere  of  l\uis: 
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by  tlio  real  estale  <ro-u|KTi>tfvc 


'  iiroblem  propo««Ml  for  suhitini 
i)iti<iu  m  tUiN: 
b  Tn  biitlil  ilJHtiiict  or  roiitigitnuH  timiM'H,  itnitiug  ulu>apnp»!i,  (■^•oifort, 
Utd  li<ivltli,  uti  Hioup  IrikIs  |)iiivlin»od  in  quantity,  by  the  comiiuiiv  in 

titi,  and  utit  of  onlitiuiTi'  tnntvriuis. 
llfEhore  is  a  inat«ri»l  :is  vrt-n  an  u  iiiorul  qufntioit  itivulvt><l  iu  tlii»t  prob- 
I^liorei-s  want  n  rheap  house,  and  a  hoiii«  thfy  can  kivf.     It  is 
i  c)f>Kigti  of  the  association  to  f\inuHh  such  homos.    Its  intiiKitm  is 
tot  »ien-ly  to  build  small  houses;  it  propoftCH  tenement  houst-s.  a»  well  iw 
lanit"  dwellings,  on  nt^count  of  thi^  high  price  of  land  in  I'aris.     For 
UDomy,  four  and  eight  houses  will  bt)  constnictod  under  one  nn)f, 
^Tbe  bnnseH  maybe  built  not  only  in  Paris,  but  in  the  snimrlw  wear  tbfl 
Uwi^  RtatiouK,  and  wherever  the  land  is  cheap,  tlit;  locality  lieahhy 
i  convenient. 

Arraiu/emfttU    of   the    Home. — The   house   exhibited   is    a   private 

dwelliiiy.  suitable  for  a  clerk  or  laborer.     It  can  be  joined  by  other  Iiousw* 

at  c«ch  end,  and  the  {ruble  walls  are  eoiistnictwl  with  referciiu'^?  to  thin. 

tt  has  u  cellar  with  a  stone  stairway.    The  four  waits,  as  well  as  the 

juirtition  wall,  are  of  common  sttme.  rough  cast,  and  with  the  seams 

^uointtMl, 

^^b^e  an;lies,  resting  on  the  walls  and  T  joistn,  are  of  brick,  pliiistcrctl 
^^Hh  cement  The  privy  box  is  moviible,  and  leans  agMinxt  the  back 
^^IpU;  it  has  the  diuiensious  require*!  by  law. 

The  three  walls  and  the  arch  ai-c  of  the  same  nmsonry  as  1  lie  eellnr.  The 
liole  for  extracting  the  bos  has  a  stone  fnime  and  nuivuble  plu<;.  Fur 
health  imd  i-conomy  the  sink  is  outside  of  tbe  buildinj;,  but  it  may  be 
nnder  the  cellar,  with  «  pipe  lea<ling  into  the  Imck  yard.  To  pr«>vent 
ilanipucfu,  it  is  placed  a  little  above  the  level  of  the  wUar.  on  JK-ib!  of 
sl«>De,  bitumen,  and  gi-avel. 

Oie  height  of  the  cellar  Khonhl  be  two  meters.    The  ceUar  is  venti- 
'  by  two  air-holes  in  the  front  wall. 

Ground  Floor. — ^The  house  is  entorwl  by  a  hull,  in  which  there 
bstairway  to  the  first  sUiry,  steps  under  it  to  the  w^llnr,  a  privy,  and 
r  to  the  kitchen. 

)  hall  is  li^litiil  by  the  gla7.c<l  entry  door  and  lliff  stMirwny  tran- 
|i,  which  must  be  on  a  level  with  the  utair  beam,  so  as  to  light  every 

The  wallx  nnd  (X'iling  are  patnte^l  with  siltejit'C  of  potash. 
The  privy  is  incloM>d  by  walls  of  hollow  bricks  plastered  with  lime.  It 
%M>pafated  fhim  the  kitchen  by  I  wo  brick  walls  and  not  iu  contact.  Tlio 
bolhiw  bricks  and  the  air  between  the  two  walls  deatlen  any  sounds  in 
ilie  privy.  Three  or  four  hollow  bricks  an-  inserted  in  the  ontwanl  nail, 
>  inward  partition"*.  Their  tultea  will 
a  to  IhenjH'n  air,  so  as  to  l^ad  all  sound  outwanl.    llie  privy  is  lig)i(od 


aglazod  window  that  opeu-s. 


ThcK 


at  IS 


jf  <Mik.  with  hole  coTprsof  U 


K  wfsul.    Tlie  vessel  isenamcUil,  and  has  a  verticnl  pr«sQ 
Bare  painted  with  silicate  of  iMitswh. 
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The  Kitchen-Dining  Hall. — ^The  co-operative  association  has  unit^ 
the  kitchen  and  dining-room.  This  combination  is  preferable,  because 
it  saves  ground,  building  materials  and  fuel.  The  moral  advantages  of 
this  arrangement  are  also  of  importance,  as  it  answers  the  modest  require- 
ments of  a  frugal  household.  The  housekeeper  wants  to  overlook  the 
stove,  the  cradle,  and  the  table,  all  at  once.  Each  one  of  these  objects 
is  of  great  interest  to  the  mother,  and  she  wants  to  see  them  all  together, 
as  she  is  often  obliged  to  give  her  attention  to  each,  alternately,  and 
this  arrangement  is  very  convenient  for  her.  In  winter,  coal  or  coke  is 
used  for  cooking,  and  to  warm  the  family  room  at  the  same  time.  This 
is  a  great  economy  for  i)oor  families.  In  summer,  cooking  may  be  done 
with  wood  or  gas.  If  the  funnel  is  properly  arranged,  all  the  noxious 
vapors  will  be  carried  off  by  it.  The  street  window,  door  transom  and 
the  drawing  of  the  chimney  flue  will  afford  sufficient  ventilation,  and 
constant  renewal  of  fresh  air.  In  winter  the  ventilator  and  chimney  will 
suffice  for  ventilation  without  letting  in  the  cold  air  by  the  door. 

The  kitchen  stove  is  of  cast  iron ;  next  to  it  comes  the  stone  trough 
leading  the  slops  off  to  the  sink;  and  above  it  a  hydrant  cock. 

If  tenants  prefer  to  have  the  dining-room  separate  from  the  kitchen,  it 
can  easily  be  partitioned  off;  or  the  hall  may  be  made  into  a  kitchen  by 
moving  the  stairway. 

This  floor  nuiy  be  composed  of  a  solid  mosiiic  cement,  moi-e  durable 
than  tiles,  costing  only  four  francs  a  square  meter,  the  bitumen  inolnde<L 

The  stair  leading  to  the  first  story  is  of  oak,  on  a  framework  of  iron, 
after  Kemery  and  Gauthier's  patent.  The  baluster  is  of  cast  iron,  ending 
in  a  swan's  head,  and  faced  with  walnut.  In  the  first  story  are  two  sleep- 
ing nH)ms,  with  ventilators  in  each,  like  those  on  the  ground  floor.  Above 
this  is  a  long  gjirret  1.80  meter  in  height,  reached  by  a  ladder.  A 
second  story  might  be  made  at  small  exi>ense  by  putting  a  few  panels 
under  the  n>of. 

The  whi>le  is  covered  with  lapping  tiles,  made  by  Laforest  on  Roy- 
aux's  style.    There  is  a  pi[>e  in  fn>nt  and  a  gutter  in  the  rear. 

Sif^tem  of  Constrncthn.  —  The  system  of  construction  rests  on 
the  following  principles:  The  suppn\<sion  of  huge  buttresses  of  masonry; 
of  iwirtition  walls:  of  iron  and  stone  riiwrs.  The  use  of  hollow  east  iron 
columns  for  all  vertical  props,  with  juints  and  s<*rews,  so  they  c;in  l>e  exam- 
imnl:  of  light  hollow  brick  arches,  resting  on  iron  joists,  for  floors;  the 
soiKinition  of  the  in>n  fn>ni  the  stone:  the  use  of  thin  hollow  bricks  for 
frvHit  walls:  i^miph'te  ventilation:  and  cheap  dtvorations,  owing  to  the 
mode  of  constrtiction  and  nature  of  the  material  useiL  This  system  has 
the  following  advantag\»s: 

First,  KiHinomy  of  grt>uud.  The  suppression  of  iisirtitiou  ^Us  and 
the  us^*  %>i'  thin  fix>nt  walls  makf  gr\*at  et\>n6my  of  grtnind. 

Second.  KiH^noiuy  of  ivnstniotion. 

The  ui^*  i>f  «ist  ii\Hi  sivt^s  hirgt*  stiMie  iv  bnck  w;iHs,  and  of  coarse 
s«Te«  aiateria)  and  lalHHT.  Tlio  cast  iixHi  lullars  an?  hollow,  and  the  air 
that  p«i8a»tit  thnm^  them  ke<e|«s  ibew  ftxHU  m«llm|^  in  ca^  oi  lire. 


1  In   laiyo  liolisps  tiiMf  liollow  [liliarH  iiinj'  l«"  used   for  vejitilatioti, 
water  iiipes,  &<■.,  to  save  the  expense  of  Rperiiil  tul>e»  for  such 
This  uso  would  only  be  ivsorted   to  wlieii  wmveiiiem  to 
Hitli  and  couitort.  . 

I  floors  on  holloW  brick  AretH':<i,  routing  ou  iron  |)iUarM,  um  ebexiK-r  iiiid 
B  ootiorous  than  otlier  kinds  of  floors.    Wrought  iron  is  very  uw-ful 
-ywherfi  ill  these  huttdiiiga. 
^,The  floors  in  the  hoiisen  exhibited  are  made  on  two  iron  beninti  thut 
t  on  cast-iron  iiilhirw,  and  «i-e  ftwt^ned  to  them  by  screwn,  w>  an  to  be 
tily  r«!itiove<i. 

A  ti^ird^r  is  placed  over  Uie  iipiier  wing,  on  a  level  with  the  Joists, 
:iiid  fastened  by  nnchore  at  the  ends;  so  the  fltwr  has  no  linices,  ties,  or 
^ii<!er».  The  space  between  the  joists  is  Hlled  with  hollow  bricks,  i-ov- 
:  c^'d  with  oement.  The  pressnre  of  the  arches  on  the  joists  in  noutral- 
i/.ihI  by  eount4?r  pivssure.  The  partition  walls  form  an  abntineut  for 
I  lie.  ends  of  the  iu'ohes. 
If  H  oouutfr  Willi  Iw  re^inired  by  law  the  ends  of  tlie  arches  iui};bt 
t  »u  iron  beuiini  let  into  the  luedinDi.wull,  ovor  the  liist  front  pillar. 
rchr«  thns  I'onstrueted  wonld  j«er\-f  as  snpjmrt^  to  all  the  others, 
^e  Ueams  of  the  floors  are  ont  from  the  w»ll,  so  that  the  iron  may  be 
lerved  fh>m  nioistiiro  and  la^t  the  longer. 

uttide  ]!'«//«. —  Ventilalian. —  In  this  system  of  eonstrnction  all 
k  weight  is  on  the  east-iron  pillars,  and  tbv  outer  walls  only  svrve 
T^proteet  the  ruuius  fi-oni  the  external  teniiieratnre. 
We  must  attend  to  stnind  and  to  health  in  constniction ;  moisture  must 
not  pcnetriite  nor  sound  molest  through  walls.  To  effei-t  this,  the  asso- 
eiation  rejects  st*me  walls,  for  tlwise  reasons;  Stone  walls  iii*  not  strong 
imlesK  tliey  are  thick;  and  as  they  snpiwrt  no  weight,  they  are  not 
n«M.'detl  in  our  system;  alt  carbonates  of  lime  are  jKtrons,  and  absorb 
humidity;  they  have  to  I>e  pliisteretl;  they  are  more  costly;  ihey 
decompose  rapidly;  the  stone  is  dee<imix>.sed  by  heat,  and  the  walls 
tumble  down;  and  stone  walls  re<iain>  expensive  ])lastering. 

Tlie  front  walls  are  of  brick,  thicker  for  the  first  story  than  alwve. 
The  walls  of  the  fu'st  story  are  made  of  hollow  brick,  and  are  double, 
with  a  Kjiaco  between.  In  practice,  a  double  brick  might  be  nse<l 
tostt-ad  of  two  bricks. 

The  lulvantages  of  this  mmle  of  construction  are  those  i  The  nw  of 
M>lid  and  durable  aiaterialK;  economy  of  ground;  saving  of  cx[icua(!  of 
ut  ruction. 

Iiere  are  tnlM's  of  molded  bricks  in  the  solid  base  walls  comnumicu- 

[  with  the  cellar,  and  luissing  up  tlmaigh  the  double  wall    to  (be 

One  of  iJie  great  cAiuies  of  sickness  in  houses  is  suildeii  change 

Ftemponitun*.    In   common   houses  the  mlasmntie  gases  readily  per- 

Mtc  the  plastering  and  wnlhat  every  change  of  lemiK-raiureonlMide, 

I  than  make  the  house  nubealthy.     In  our  s^i-stem.  this  danger  is  not 

nl}  llie  silicate  of  alumina  is  less  hygrometric  thnn  lime,  uad  iif 
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course  more  healthy,  and  moisture  has  less  iuflnence  on  brick  than  on 
stone. 

Hollow  bricks  admit  the  external  air  a«  far  as  the  median  cavity,  where 
it  is  driven  to  the  roof  by  the  air  that  comes  from  the  cellar  below.  By 
this  simple  and  cheap  process  of  ventilation  the  interior  of  the  house  is 
kept  at  an  equable  temperature,  to  the  great  benefit  of  health. 

Air  holes  might  be  made  in  the  walls  and  floor  to  ventilate  therooms 
in  summer. 

This  current  of  air  between  the  bricks  in  the  walls  also  deadens  the 
sound.  If  a  noise  from  without  strikes  the  outer  wall,  it  will  only  distmb 
the  air  between  the  bricks,  and  will  not  pass  inside  of  the  house.  Thus 
the  street  noises,  so  annoying  in  Pans,  will  not  be  heard  in  our  boo8e& 

Special  ventilation  of  the  rooms  may  be  effected  in  a  simple  way;  let 
bricks,  with  holes  through  them,  be  inserted  into  the  walls  so  as  to  admit 
the  external  atmosphere.  A  register  may  be  fixed  over  the  internal 
oi>ening  to  regulate  the  ventilation.  These  ventilating  bricks  should  be 
inserted  in  the  wall,  opposite  to  the  fireplace  or  window,  so  as  to  have 
a  proper  draught.  In.  this  way  rooms  may  be  perfectly  ventilated  withoat 
being  made  too  cooL 

Cast-iron  FiUars. — The  pillars  rest  on  stone  bases.  The  seoond 
pillar  rests  on  the  top  of  the  first,  and  is  fastened  to  it  by  a  screw  bolt 

The  ends  of  the  joist-s  rest  on  the  top  of  the  second  pillar,  and  are  fas- 
tened with  screw  bands.  The  pillars  are  fastened  together  b^-  chains 
and  anchors. 

The  timber  is  all  pine.  The  gutters  are  supported  by  the  rafters  of  the 
roof.  The  outer  doors  are  of  oiik ;  the  inner  ones  of  oak  and  pine.  Hie 
winilow  sash  is  of  oak ;  the  upper  story  has  a  plank  floor.  All  the 
rooms  are  corniced. 

The  outer  doors  have  a  strong  iron  lock;  the  inside  ones  have  a  latch 
and  bolt. 

The  |>;iint  used  is  silicate  of  potash — a  good  and  cheap  color.  The 
bed-rooms  are  hung  with  common  jMiper  boniered. 

OnUide  Decoration. — ^The  style  of  the  house  on  exhibition  is  the 
realization  of  an  idea  effected  by  peculiar  materials  and  style  of 
tecture. 

The  imtent  brick,  colored  by  metallic  oxides,  can  be  ornamented  ii 
nitely. 

The  casings  are  formetl  by  the  arches  of  the  floors,  which  proje<^  in 
front ;  they  may  be  made  of  the  brick  used  in  the  archer*  or  friney  while 
brick;  under  these  casings  are  projecting  bricks  of  diffei^ut  oolorB;. 

The  arches  of  the  oi^nings  are  constructed  on  the  same  principles. 

The  girder  ot  the  two  arche;«  of  the  double  window  that  lights  the  din* 
ing-room  rest:!^  on  a  small  hollow  in>n  pillar.    The  joints  aiv  cemeoted. 

We  avoid  the  vulgar  uuitVinuity  of  windows  in  this  plan :  no  two  win 
dowBarealike«  becaose  the  size  of  the  looma  iadiiferent:  aamall  room  has 
ft  small  window!  and  a  larfpe  room  has  a  large  window.    Thisamuig^eBaBt 
m  tme  to  an,  because  it  is  the  positive  expwaaioa  of  a  necv«$sity. 


I  liuUdiiiffit. — Tlie  larger  ihe   srali'  yf  tliif*  «iyAt<>ii>,  the  innrt- 
ifal  it  is;  in  houses  iiilcri(lfil  fur  sfvi-nil  ftiiiiilitK  Ilic  itHiiiutny  i» 
'mU.v  im|H)rtanl. 

WticD  tiie  iM>88ihility  of  CDiiHlnictJiig  »iiinll  Iioum-m  ut  littlx  rattt  is 
(IciuuDStnited,  it  in  uxiiii-ut  ttiat  iHi-gcr  htiiuwa  miij*  bv  built  in  tlip  name 
way  at  less  cast. 

.  Tlie  Co-uttemtivi-r  Associatiou  falls  tbe  attciitiou  of  tlip  jm-y  to  tbi« 
t  ailTaiitu^  iiH  muritiug  Hcriuus  cuuKitiuratiiiu. 

"(he  by-laws  of  the  Keal  Estiitt^  Co-ciperative  AHM>ciatii>ii  show  how 
lerty  may  bo  aeijninKl. 

BT-LAWa  op  THE  EEAUCOVKT   REAL  ESTATE   ASKfK'IATION. 

&.KT1CLG  1.  The  iiiidcrMignwI  enter  iiiti>  a  parhiprKlii])  for  the  MmstrDf.-- 
0  of  dwellings,  wimrate  from  each  other,  stimtunded  by  u  small  garden. 
pa<'OHt  of  two  or  three  IhousantI  fianes  each.  They  will  Hhaiv  theeosts 
fkud  pxjiensee  with  those  who  piirehiise  shares,  in  prujiurtion  to  the  otot-k 
they  hold  iu  the  coiiipauy.  Tlie»e  dwelliiigH  are  inteiide<l  to  be  retitinl  t>r 
Mild  to  the  operatives  in  the  bouse  of  Japy  Brothers,  or  to  any  other  resi- 
dent of  Beaucourt  who  wants  one ;  they  eau  jiay  the  whole  sum  at  once ; 
<ir  rent,  and  pay  a  sum  annually  suiEcient  to  pay  for  the  houfui  in  Ave 
or  eleven  years. 

[^BT.  :j.  I'ersoiis  renting  the  dwellings  cannot  become  owners  of  them 
rfM  nmple  till  they  have  paid  the  whole  price;  till  then,  they  will 
r  considered  as  tenants.  In  ease  they  do  uot  continue,  from  any 
e  whatever,  t4>  [laythe  promised  yearly  iustalmontH,  only  tho  money 
r  have  paid  above  their  rent  will  be  returned  to  them. 
fekBT.  :).  This  civil  and  private  association  shall  be  reguIatMl  by 
■  Iirovisious  of  ai'ticles  1841,  and  following,  of  the  Code  Napoleon. 

JtT.  4.  Tile  [lartnership  shall  last  eleven  years,  reckoning  from  tJie 
I  of  April,  18fU,  Ui  finish  on  tlie  :{4)th  of  April,  1875. 
«T.  5.  Its  tille  shall  be  The  Beaneonrt  Eeal  EstatJ'  C'oinpany,  and 
ntion  and  domieil  ahull  In-  at  Beaneonrt. 
^HT.  0.  The  partnership  t^apital  is  ti\i»l  at  thirty-four  thonsiind  francs, 
Hded  Into  lliree  hundred  and  forty  shares  of  one  hundn^l  francs 
each.    The  honse  of  Jai\y  Brothers  and  Comi>any  sultscribes  for  one 
humlt\-d  shares,  uud  tbc>  founders  take  tliv  balance  of  two  Imudretl  and 
flirty.    Tlie  ground  is  given  by  I'ierre  .lapy.     An  athhtional  nuiutier  of 
Hhiires,  auionntint;  lo  six  hundred  and  sixty,  may  Ije  issued,  of  one  huu' 
liix-il  Itanes  p.ieli.    The eitizens of  Heaocourt  aiul  eniploy('-s  in  the branehes 
tit  the  hoiiBO  of  Jajty  Brothers  and  Company,  may  sulwcribe  for  these 
jtj^mrm.    To  give  clerks  and  lalMtrers  in  tJie  house  of  .lapy  nrntben* 
Bhtpw  to  purchase  slinre)*  and  invest  their  savinga,  they  inny  IMfAU 
Bfcw  \iy  ilfKlnctious  or  investments  of  teji  iViiue.'^  a  luontb,  nr  Wripi^H 
Hnm  Amiica.    Temporary  n^-eiiits  will  lie  (fiivn  for  llu«i?  tinn#i    ^^ 
■tin  eoaTcn«d  into  cerliAvates  of  stoi'k  when  n  wholu  sharv  Is'tf  I 
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Other  stockholders  than  clerks  and  laborers  in  the  house  of  Japy  and 
Brothers  shall  pay  their  dues  by  calls  from  the  company. 

Art.  7.  The  certificate  of  shares  are  taken  from  a  stock  register, 
stamped  with  a  dry  seal  of  the  company,  and  signed  by  one  of  the  man- 
agers; these  cijrtificates  shall  be  numbered  from  one  to  one  thouHand. 

Art.  8.  The  shares  are  transferable  when  paid  for;  the  certificate 
thereof  is  entered  in  a  book  kept  for  that  jmrpose  by  the  company ;  it  is 
to  be  be  signed  by  both  parties  or  their  attorneys,  and  attested  by  the 
manager.    The  act  of  transfer  is  indorsed  on  the  certificate. 

AUt.  9.  Shares  are  indivisible.  Tlie  company  recognizes  but  one 
owner  for  each  share;  hence  the  owners  of  one  share  must  be  represented 
to  the  society  by  a  single  person. 

Art.  10.  The  rights  and  obligations  of  a  share  follow  its  transfer;  the 
holding  of  a  share  implies  acceptance  of  the  charter  of  the  company. 

The  heirs  and  creditors  of  a  shareholder  cannot  seize  or  sequestrate 
the  property  of  the  company,  or  interfere  iii  any  way  with  it«  manage- 
ment; to  enforce  their  rights  they  must  appeal  to  the  company. 

Art.  11.  Stockholders  are  only  responsible  for  the  shares  they  hold;  no 
call  beyond  the  amoimt  so  invested  shall  be  made  upon  them. 

Art.  12.  Japy  Brothers  &  Co.,  as  directors  of  the  company,  together 
with  the  supervising  board,  shall  have  the  sole  management  of  the  busi- 
ness; decide  ui>on  the  plans,  estimates,  localities,  and  size  of  the  dweO- 
ings;  conclude  all  bargsiins  with  the  contractors,  clerks,  and  others,  and 
cancel  or  remove  them ;  and  fix  ui)on  the  terms  of  lease  or  sale  oi  the 
dwellings. 

Art.  13.  The  stockholders  in  general  assembly  shall  name  a  super- 
vising Imanl,  comi>osed  of  four  members  who  hold  at  least  ten  shares 
of  the  stoi»k,  to  hold  office  for  five  years;  after  which  time  a  new  board 
shall  be  api^ointeil  in  the  same  manner. 

Art.  14.  The  directors  and  sui)ervi$ing  board  shall  apiwint  a  treas- 
urer and  an  actuary  to  nx^eiv^  investmenta.  })ay  dividends,  and  make 
all  other  disbursements;  and  to  have  charge  of  all  the  funds  of  the 
society,  and  to  take  can*  of  the  archives. 

Art.  Tlie  sale  of  the  dwellings  shall  constitute  a  fund  to  be  used  in 
reiiemption  of  the  shanks  by  lottery  as  far  as  they  are  paid  up. 

Art.  Id.  As  the  dwellings  an'  to  bo  sold  at  cost  price,  there  will  be  no 
dividends,  but  the  stoi*kholders  shall  U'  entitled  to  a  yearly  interest  of 
five  iH^r  ivnt,  on  their  shanks,  ixiij*able  every  six  months,  in  March  and 
SeptemlH^r,  the  first  i^iynient  to  be  made  next  September.  The  house  of 
Japy  Unnhers  insun'^  the  iKiyment  of  this  inteivst«  in  case  the  proceeds 
of  the  Sides  of  the  dweUinsc^  and  the  n^nts  of  the  same  are  not  sufficient. 

Art.  it.  When  the  tvmivanyV  charter  ex|Hres«  or  the  partnership 
is  dissi>l\>Hl.  the  houi^*  of  •lapy  l^nnhers  pn>mise  to  itty  the  cost  price  of 
the  n^mainiug  dwellings^  ^>  that  all  the  shaiv«  will  be  redeemed  at  par. 

AfiT.  l^  Tlie  Imilding  c^^ntmct^vrs  shall  TCONve  in  iiaynenl  for  their 
work  fifteen  i^c^r  cenu  in  shanMt  of  the  sioeki  at  par  vahie,  and  the  bal- 
ance in  outh  when  the  w\wk  is  cMa|4eted. 
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Cost-price  of  a  house. 


Speciflcatlona. 


KXCAVAtiOX. 


Digging  foHndations,  in  earth... 
Digging  for  cellar  door,  in  earth 


Cubic  metera 


Digging  foandationa,  In  rook 
Digging  cellar,  in  rock 

Cable  metera 


STONE-WORK   AND  PLASTERING. 


Stone- work,  plastered  with  lime . 
Stone- work,  plastered  with  time. 
Stone- work,  plastered  with  lime. 


Square  meten 


Stone-work  of  chimney,  (cubic  meters) 

Brick  partitions  and  chimney,  (cubic  metera) . . . 

Same,  flve'eentimetera  thick,  (cubic  meten) 

Chimney  cover  of  brick  and  tiles 

One  mantel-piece,  wood  and  brick 

One  fireplace  of  brick,  eleven  centimeten  high. 

One  sink  and  fixture 

Cut  stone  for  doora  and  windows 

Ceiling,  (gray  and  white  gypsum) 

Wainscot,  laths  and  tiles 


CARPENTERS*  WORK. 


NhM  joists  of  pine,  ground  fioor 

Nine  joints  of  pine  for  garret 

Two  pine  sills- 

Thirty-two  pine  raftera 

Sixteen  pine  girdera 

One  pine  partition  sill 

Twelve  pieces  wood,  for  door  hinges. 

Three  pine  sheltera  for  doora 

Six  pine  sheltera  for  windows 

Six  pine  garret  nindows 

One  tnmt  stair-landing,  (pine) 

Two  pine  door  shelters  for  kitchen. .. 
One  support  for  c»llar  stair,  of  pine. . 
Two  hearth  frames,  of  pine 

Total   


JOINERS'  WORK. 

ToDgoe  and  groove  fioors,  in  square  metera 

Unplaned  fioora  for  garret 

Rough  fioorlng  for  cellar  staira 

One  fWml  pine  door,  without  lock 

Thrae  Inside  panel  doora 

Two  leaf  doon,  for  cellar  and  garret 

ThTM  oak  wladowfl,  eompleto 

6b 


Sixe. 


Metrrt, 

27. 90  X  0.  M  X  0. 40. 
0.80X0.40X1 


1. 40  X  a  50  X  2. 50. 
1.80X2.25X4.70. 


Cubic 
meters. 


Each. 


Af.  c 
(S  150 
0  390 


6  470 


I  750 
19  350 


1.40X2.50.. 
27.90X3.54. 
6.50X2.70.. 


6.  45  X  20-14. 
6.90X20-14. 
7.00X  18-12. 
4.65X  8-7... 
2.80X8-7... 
6.20X8-5... 
a22X8-5... 
1.30x8-5... 
1.30X  12-10. 
1. 10  X  18-10. 
2m  X  14-14.. 
S.25X  18-ia 
1.90  X  14-14. 
0.90X  14-14. 


21  100 


3  SO 
98  39 
17  55 


119  44 


Pr.     c. 


0  664 
11  66 
23  30 


38  10 
40  90 
75  00 


1  685 
I  737 
0303 
0834 
0230 
0025 
0  010 
0  015 
0  140 
0  120 
0  009 
0  061 
0  037 
0  017 


5  312 


41  39 

41  80 

0  80 


0  60 


2  50 


5  30 


13  00 
4  25 
240 


3  15 
1  75 
3  70 


47  00 


800 

1  60 

1  60 

99  00 

18  00 
199 

19  99 


Total. 


Fr.    c. 


388 


52  75 


633  03 


8  89 
49  55 

55  93 

4  00 

7  00 

6  00 

13  00 

190  00 

71  57 

278  24 


244  96 


83  58 
66  88- 
1  38 
92  09 
M99 


jpijas..iiKjm5B8iJ«.iP9SWt7i^     o  *  .,^i  Hfir 


Coit'priee  vf  a  AoiM6-^<Mithiaed. 


.  -. »  « 


— ^. . . ... 


Sp«dflailoni. 


Ywooakwftidowa,  ftrfairet..       

Oo^kltekwi  wladQw,  of  oak i..^... 

Qi9f  eUfanrtfkJlcctk  eomptote., 

Tw«iity*flTe  stair  ttof^  tluM  Dranet  eaeb 

Fine  iooIm  ind  pUntb,  A« 

nv«  wooden  window  ilUf 

QiriBf  ^  tbo atair 4ri|in»  In  the  gurnt ... 


fiUso. 


LOCKS  Ain>  TIN-WORK. 


Voor  lodu  ftur  doon«  complete 

Ono  bolt  fbr  oblmoey  ptooe 

Mb  bolts  for  ttalrwaye ^....., 

CKitters  aad  pipee ^ 

Fow  kflograms  lead  pipe,  for  drains,  kjt, 

'  Total , 


Oabie 


M,  & 


i-t 


"^M. 


43  40 
1  90 
0    40 


* 
SI    40 


eoii-    11 09 

**l^*\  .il4kl 


l^t. 


.>,     4. 


100 
100- 

1  so- 


il 00 


IM 


41  n 

379 


S,O4S70 


*  1  Urogram.  1 0  kUograaiu. 

Mlmy  workingmen  of  capital  wanting  more  comfortable  hcmses  pro- 
I»ose  to  make  sleeping-rooms  in  the  garret,  and  add  privies,  &c  The 
iDcrea«ed  cost  of  tliese  modifications  is  expiressed  bel6w. 


Speciflcatlons. 


Total  of  preceding  egtimates. 
Deduction  of  roof  fixing,  &c 

Bemalnder 


Stone-work  for  the  manwrds 

Brick  partition!),  five  centimetera  thick 

Celiing  of  the  mamards 

Three  panel  doon 

Three  locks 

Water-closets 

Plaster  cornice a 


Total. 


Quantity. 


Af  .  c. 


75.00 


13.95 
50.40 


17.60 


Unity. 


Fr.  c 


1.10 


5.30 
2.40 
1.75 
IP.  00 
3.50 


3.00 


Total. 


Fir.  e, 
2,O45w70 
8-2.50 


1.903.80 

73.94 
33.16 
88.20 
54.00 

laso 
4a  oo 

35lS0 


S.S98.S0 


FRENCH  artisans'  HOUSES. 

By  far  the  most  elegant  and  attractive  of  the  models  of  cheap  honscs 
in  the  park  was  that  erected  by  the  "Associated  Workmen  of  Paris.^ 
The  cost  of  this  building  was  twenty  thousand  francs,  which  was  con- 
tributed by  the  Emperor  from  his  private  means  for  the  purpose  of  call- 
ing the  attention  of  the  public  to  this  society,  and  to  the  houses  similar 
to  the  model  which  they  propose  to  erect  in  Paris. 

The  model  in  the  park  was  designed  and  erected  by  the  workmen 
themselves  without  the  assistance  of  architect  or  builder.  It  is,  there- 
fore, the  embodiment  of  the  workman's  own  wishes  in  regard  to  the 
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iiiKpriir'rit  atnl  tiiijx'iii'nnco  of  Iit«  Iiousp,  mid  as  a  wliolu  may  be  c<>n- 
fttU'i-iili'd  sui-i/c.ss.  Tln^  iipin'iinmw  itf  llif  front  is  ohwrful 
siml  ttislvfiil ;  tlit<  mutoriaU  arc  cnrufnlly  wIl>uI4>(I,  am)  IIk*  iiiU'nial  iK'cora- 
tioD  U  tfxcclteiit.  Tlic  tKiii8(>i<i  arc  11irt'«  storiei^  in  bciKl't  and  arc  hiiilt 
in  pairs  with  an  eiitraiii*  and  winding  stairra^to  in  the  ri-ntf>r,  nliidi 
res  acteas  to  tlip  varions  apartments.  EirIi  bnilding  of  two  houiM>A 
itains  loi]giti<;s  for  six  (Inmiljcs.  Tlit^  hawiiu-nt  or  ground  tiimr  m 
I'dAiiigncd  f>  \w  iiscrl  tut  H  sli'>ii  for  small  tra^liMtnvn.and  i.i  arrungud  with 
n  klli-licn  and  4lvepii]f;n>um.  «»  that  it  ix  comiilcio  for  a  smalt  fainilj. 

Tlic  Iniilding  is  13'".8.t  tront  hy  8"'.JK)  depth,  (aliuut  forty  flvn  feet 
liy  twi'iityniHi-  ft-et.)  Tbd  hall  w  about  six  feet  thrue  inches  wide,  and 
tht>  principal  rooms  np  stairs  t«o  Tvrt  fiv«  invhea  by  eleven  feet  tax 
im-hes;  the  dining -rtKiin  seven  fwt  six  inches  by  eleven  feet  six  Imili**; 
and  the  kitchen,  whieti  is  baelE  of  thedining-room,  is  four  fiTt  by  M^veii  feet. 
The  hcitjlit  of  the  ceilings  is  eight  feet  eleven  inches.  The  extorior  walla 
are  thirteen  inches  in  thickness.  A  r^urtj-anl  seventeen  feet  sis  inches 
wide  divider  the  two  lioases  at  the  hack. 

The  second  and  thiiil  Bti>rie(»  are  divided  into  cliainlwrs  urapartin).'nt:s 
for  a  family,  there  la-ing  two  setfl  on  eacli  Biwr.  They  cnnlain  a  dining- 
iiwHH,  n  kitchen,  and  two  bi>cl-rooms,  so  arrange<]  that  Uie  dining-niom 
may  Im!  used  during  the  day  as  a  parlor  if  the  wife  is  engageil  in  any 
trside,  such  as  a  dressmaker,  setuuKtn^ss,  or>uiilliner,  whieli  wilt  bring 
her  in  contiict  with  cn.sloiuers.  All  tlwse  nnims  arc  of  goml  size,  are 
well  lighteil  and  ventilated,  and  are  well  planned  for  the  eiHivcnient 
.'iriiingeoieiit  of  fnrnitnre. 

These  buildiiiga  are  eonstnict«il  of  brick,  stone,  and  iron.    Tlie  win- 
dow jambs  and  cajw  are  of  stone,  and  the  panelw  Ix'tween  of  red  hrlvk. 
The  mitnsard  riHif  is  ile^'onitcd  by  slating  in  I ozengtv shaped  pallenis, 
with  shitwfrtf  ditfen^nt  eolors,  and  the  uppi-r  [Ktrlion  of  the  nwf  iswf 
I'^ach  shop  front  has  two  large  and  well-glaMnl  windows,  one  **n 
aide  of  the  iloor. 
lie  ain-angemenl  of  thfl  lower  floor  for  shop  pariHises  is  the  most 
luPflble  foiitiire  in  the  whole  building.    Tlie  Parisian  workmen  do  not 
to  bceome  a  dLttinct  society  or  cla^s  in  the  (^immunity,  living  in 
E4!niund  among  tlicmselves.     It  is  both  their  de-sire  and  jiohcy  to 
lie  themselves  with  the  shopkee|K'rs  ortnMlesnien,  and  by  renting 
the  lower  iwrtion  of  their  houses  to  derive  a  small  revenue  from  the 
il,  itnil  thua  to  jiarticipate,  somewhat,  in  the  shopkeeinr'a  proflts. 
cost  of  this  slnietnre  \\;in  twenty  thousand  franei*,  (four  thoiiiuixl 
\n,)  not  imploding  the  price  of  the  land.     At  tliis  prlee  tlie  swiety 
imates  that  each  suite  of  rooms  conld  he  let  from  three  hnndrod  to 
ir  hundred  fnincs  (sixty  to  eighty  dollnrs)  |»er  year.     The  t 
i|M  Mtmhl  necessfirily  vary  with  the  price  of  the  land,  1 


{Mipiilons  tpmrlers  thiu 


I  those  ill  whicb  the  boihUngSHn 
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FRENCH  miners'  COTTAGE  AT  BLANZY. 

The  cotil  mining  company  of  Blanzy  exhibited  in  the  park  a  specimen 
of  the  houses  of  their  workmen.  It  was  quite  a  large  and  well-shaped 
building,  divided  into  two  tenements,  each  designed  for  a  single  family. 
The  walls  are  of  brick  or  rough  stone  ornamented  with  plaster,  and  the 
floors  as  well  as  the  roof  are  covered  with  flat,  red  tiles.  The  building  is 
raised  alK)ut  two  feet  from  the  ground,  and  e^ich  tenement  contains  a 
sitting  or  living-room,  sixteen  feet  thre^^inches  square,  a  sleeping- 
room  thirteen  feet  by  eleven  feet  six  inches,  and  a  smaller  bed-room  on 
the  upper  floor.  There  are  also  c-jiiiis  mid  greniers,  or  garrets,  which* 
may  be  used  as  storerooms,  besides  six  hundred  square  meters  (seven 
hundred  and  seventeen  square  yards)  of  land  for  a  garden  for  each  house. 
The  whole  cost  of  one  of  these  cottsiges,  including  the  land,  is  only  two 
thousand  two  hundred  francs,  (four  hundred  and  forty  dollars.)  This,  of 
course,  is  much  cheai)er  than  the  same  kind  of  building  would  be  in  or 
near  a  city  where  labor,  and  particularly  land,  cost  so  much  more.  These 
houses  rent  at  the  works  at  Blanzy  for  fifty-four  francs  (ten  dollars  and 
eighty  cents)  i)er  year;  and  this  includes  fuel.  There  are  six  hundred 
and  seventy-nine  cottages  of  this  kind  constructed  at  the  works,  ninety- 
nine  being  built  by  the  workmen  themselves. 

CfREAT  BRITAIX. 

There  were  ^xe  principal  exhibitors  from  Great  Britain  in  Class  d3: 

1.  I>igby,  Ix)rd,  30  Bel  grave  square,  London. 

2.  Improveil  Industrial  Dwellings  Comi>any,  2d  West  street,  Finsbury 
oireus,  London — models  and  plans  of  improved  dwellings  for  the  indns> 
trial  classes, 

3.  Metnqxklitan  Association  for  Improving  the  Dwellings  of  the  Indus- 
trial Classes,  10  Coleman  street,  London — models  of  dwellings. 

4.  Gait,  Titus  &  Co.,  Ssdtaire,  Bradfonl,  Yorkshire — drawings  of  their 
manufactory  and  of  the  town  of  Saltaire.        * 

5.  S<H*iety  for  Improving  the  Condition  of  the  Laboring  Classes,  21 
Exeter  llalK  Loudon — ilmwiugs  of  model  lodging-houses  and  renovated 
dwellings. 

In  the  British  re^H^s  uiM>n  the  Exixisition,  in  voinme  vi«  containing 
the  returns  relative  to  the  new  onier  of  awanL  ten  bmlding  societies  are 
enumeratetl,  and  nuioh  information  in  detail  is  given  regarding  their 
organization,  objects,  and  n'^sults.  It  is  ini|H^ssible  to  here  notice  all 
the^^  assiH'iations  at  length,  or  to  give  even  a  brief  and  intelligibk 
statement  of  the  great  gtxxl  ihey  have  accomplished.  A  few  only  of  the 
more  pnHiiiiK'nt  that  were  repre^aented  at  the  Exposition  will  now  be 
de^icrilH^l. 


DWELLINGS   qjIARACTERIZED   BY   THEIB   CHEAPNESS,  ET<?.      85 

METROPOLITAN  ASSOCIATION. 

Tlie  "Metropolit^in  Association  for  Improving  the  Dwellings  of  tbe 
Industrial  Classes"  was  organized  in  1841,  and  commenced  active  opera- 
tions in  1845,  when  it  wa.s  incoq)orated  by  royal  charter.  In  1867,  after 
continuing  in  operation  for  twenty-three  years,  it  iK)8sessed,  in  London, 
one  hundred  and  twenty-three  buildings,  six  of  which  were  of  large  size, 
capable  of  containing,  together,  five  hundred  and  seven  lodgings ;  two 
buildings  divided  into  three  hundred  and  sixty-two  single  chambers  for 
unmarried  men,  and  one  hundred  and  fifteen  cottages  for  an  equal  num- 
ber of  families.  The  entire  population  in  the  buildings  of  this  associa- 
tion averaged,  for  the  year  1866,  two  thousand  five  hundred  and  seventy- 
two  persons. 

This  society  is  essentially  a  commercial  enterprise,  a  joint  stock  com- 
pany of  limited  liability,  differing  only  perhaps  from  an  ordinary  com- 
pany by  the  spirit  with  which  it  is  conducted,  and  the  object  which  it 
has  in  view. 

The  amount  of  dividends  is  limited  to  five  per  cent,  of  the  capital 
invested.  It  has  never  received  any  assistance  from  the  government, 
and  in  all  cases  where  individuals  have  pressed  donations  on  the  asso- 
ciation they  have  been  declined  and  returned,  the  object  of  the  associa- 
tion being  not  to  solicit  charitable  contributions,  but  to  show  that  a  fair 
profit  can  be  made  by  renting  healthful  lodgings  at  moderate  rates,  so 
as  to  induce  capitalists  to  invest  their  money  in  such  buildings  as  a 
commercial  entequise. 

The  buildings  of  the  assorfation  have  been  so  arranged  as  to  provide 
dwellings  on  three  different  plans,  viz:  Dwellings  in  flats  and  in  cham- 
bers; dwellings  in  cottages  both  in  town  and  in  country,  and  dwellings 
for  single  men  in  large  buildings,  where  they  are  supplied  with  cooking 
utensils,  beds,  bedding,  and  other  necessaries. 

During  the  last  twenty-five  years  £119,429  have  been  expended.  For 
the  year  1866  the  income  of  the  association  exceeded  £8,000. 

The  returns  from  the  society  show  that  the  capital  invested  in  dwell- 
ings for  families  yields  an  interest  of  more  than  five  i>er  cent,  but  that 
owing  to  the  expenses  incident  to  the  formation  of  this  society,  and  the 
fact  that  the  chambers  for  single  men  have  proyed  a  bad  investment, 
the  dividend  payable  on  the  entire  capital  stock  has  been  less  than  three 
per  cent. 

The  health  of  the  occupants  of  the  buildings  of  this  association  has 
generally  been  excellent.  While  the  average  rate  of  mortality  of  the 
city  of  Londcm  generally  has  betm  twenty-three  and  two-thinls  per  thou- 
sand, in  the  dwellings  of  this  association  it  has  not  been  more,  on  an 
average  of  six  years,  than  seventeen  per  thousand.  The  association 
claims  that  it  has  combined  the  commercial  or  self-supporting  principle 
without  losing  sight  of  the  more  important  and  philanthropic  object  it 
had  in  its  foundation*  * 
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Since  the  establishinent  of  this  association  in  London,  two  branch 
associations  have  been  fonnded,  one  at  Bristol,  with  a  capital  of  £6,000, 
and  the  second  at  Eainsgate,  with  a  capital  of  £2,000. 

SOCIETY  FOR  IMPROVING  THE  CONDITION  OF  TIIE  LABORING  CLASSES. 

The  Society  for  Improving  the  Condition  of  the  Laboring  Classes  has, 
as  its  name  indicates,  a  broader  field  of  action  than  the  improvement  of 
dwellings  and  lodgings  alone.  It  is  nevertheless  to  the  construction  of 
convenient  and  healthy  houses  that  it  has  directed  its  main  efforts,  and 
from  this  point  of  view  its  labors  present  the  same  degree  of  interest  as 
those  of  the  Metropolitan  Association.  Its  method  of  action  and  system 
of  organization  is  however  entirely  different  from  that  society.  The 
members,  instead  of  being  shareholders,  are  subscribers,  and  ]>ay  an 
annual  assessment,  to  which  donations,  legacies  and  other  gifts  are 
sometimes  added,  so  that  the  society  is  stripped  of  any  commercial 
character  or  tendency,  and  is,  in  fact,  merely  a  benevolent  institution.  Its 
object,  according  to  the  terms  of  its  statutes,  is  to  build  model  houses,  to 
improve  old  habitations  known  to  be  unhealthy,  and  to  render  whole- 
some, by  every  means  in  its  power,  the  courts  and  alleys  of  the  poor 
quarters  of  large  cities ;  to  publish  designs  and  plans  for  the  construc- 
tion of  houses  suited  to  the  needs  of  workmen  in  London,  in  the  manu- 
facturing cities,  and  in  the  agricultural  districts ;  and  further  to  com- 
niunicate  with  clergymen,  proprietors,  and  other  persons  who  are  dis- 
posed to  assist  them  in  their  respective  localities,  either  individually  or 
as  members  of  local  institutions. 

Among  the  donors  an<l  annual  subscribers  to  this  society  is  the  Queen 
of  England,  the  corporation  of  the  city  of  London,  the  Earl  of  Shafts- 
bury,  i)resident  of  the  society,  and  many  members  of  the  aristocracy. 

In  18G0  the  revenue  of  this  society,  from  the  rent«  of  its  houses,  the 
annual  subscriptions  of  its  members,  and  from  donations,  amounted  to 
more  than  £0,000.  As  there  was  no  dividend  to  be  paid  fmrn  this 
amount  the  whole  sum  cx>uld  be  devoted  to  maintaining  and  continuing 
the  usefulness  of  the  society.. 

In  the  same  year  the  houses,  or  groui>s  of  houses  belonging  to  this 
society,  were  nine  in  number ;  four  of  them  were  aiTanged  for  hnlgings 
for  families;  the  fifth  for  lodgings  for  twenty  families,  and  for  the  use 
of  one  hundred  and  twenty-eight  unmanied  women,  and  four  buildings, 
containing  in  all  two  hundred  and  sixty-seven  single  rooms,  for  un- 
married men.  The  rent  received  from  these  buildings  shows  that  the 
society  is  in  a  i)rosiH»rons  condition.  The  four  houses  for  single  men 
paid  five  per  cent,  on  the  cai)ital  invested.  Those  for  families  four  ami 
two-tenths  i>er  cent.,  while  that  for  families  and  unmarried  women  three 
I)er  cent.  These  results  may  be  considered  as  highly  satisfactory,  espe- 
cially those  in  regard  to  single  men's  lodgings,  since  it  proves  that  this 
class  of  dwellings  can  be  successfully  rented.  The  success  in  this 
instance  may  be  attributed  to  the  excellent  situation  of  the  buildings, 
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the  very  moderate  rent  of  the  lodipngs,  and  the  hiffh  degree  of  comfort 
afforded,  as  compared  with  the  ordinary  disagreeable  and  dirty  lodging 
houses. 

This*  society  has  provided  accommodations  for  three  hundred  and  fifty- 
three  families,  one  hundred  and  twenty-eight  single  women,  and  two 
liundred  and  eighty  single  men,  a  population  which,  during  the  last  four 
years,  has  averaged  one  thousand  six  hundred  and  seven  i>er8ons.  The 
death  rate  in  the  company's  houses  has  been  reduced  one-third,  as  com- 
pared with  that  of  London  generally. 

When  we  consider  the  great  wealth  and  resources  which  these  societies 
have  had  at  their  command,  it  must  be  admitted  that  neither  of  them 
have  effected  so  much  toward  the  improvement  of  the  working  classes 
as  the  French  societies,  and  particularly  that  of  Mulhouse,  where  six 
hundred  and  eighty-four  families  have  already  become,  or  are  in  the  way 
of  becoming,  proprietors,  and  six  thousand  persons  have  been  furnished 
with  comfortable  homes;  yet  great  credit  is  due  to  them  for  the  care 
which  they  have  shown  in  all  that  concerns  the  interior  arrangement  of 
their  buildings.  All  that  regards  drainage,  heating,  lighting,  ventilation, 
or  any  other  matter  which  would  be  of  importnnce  in  the  construction  of 
lodgings  for  poor  families,  have  been  made  the  object  of  rei)eate<l  and 
patient  researches.  In  this  way  gi*eat  progress  has  been  made  in  the 
construction  of  workmen's  houses,  not  only  in  London  but  all  over  Eng- 
land, with  a  corresponding  advancement  in  the  comfort  of  the  occupants 
and  decrease  in  the  rate  of  mortality. 

IMPROVED  INDUSTRIAL  DWELLINGS  COMPANY. 

As  an  example  of  a  successful  company,  organized  for  the  purpose  of 
improving  the  dwellings  of  the  working  classes,  the  "  Improved  Indus- 
trial Dwellings  Company"  may  be  cited.  It  was  founded  in  1803  by  Sir 
Sydney  Waterlow,  and  was  afterwards  incorporated  as  a  limited  joint- 
stock  company.  This  com[)aiiy  now  houses  about  four  thousand  pev- 
sons,  and  has  extended  its  buildings  with  great  rapidity.  In  18(57  it 
owned  nine  buildings,  built  upon  what  is  called  the  oi>en  stair-case  plan, 
containing,  in  all,  five  hundred  and  seventy-one  separate  tenements, 
with  one  thousand  eight  hundred  and  eighty-five  rooms.  The  capital 
invested  amounts  to  £250,000,  and  a  dividend  of  six  and  one-half  per 
cent,  is  paid  upon  it — five  i)er  cent,  being  [)aid  to  the  stockholders,  and 
one  an<l  a  half  [)er  cent,  being  retainetl  as  a  reserved  fund  for  contingen- 
cies. The  following  extract,  from  a  printed  statement  made  by  the  si»c- 
retary  of  this  association,  gives  the  best  account  of  what  it  has  acccmi- 
plished :  * 

"  The  object  of  the  Improved  Industrial  Dwellings  Company  is  to 
prove  that  an  effective  solution  of  the  most  difficult  social  problem  of 
the  age — ^the  proper  housing  of  the  working  classes — is  within  the  com- 
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pass  of  onlinary  coininercial  enterprise;  and  that  the  pbj'sieal  snfferinp, 
as  well  as  the  moral  degradation  and  antagonism  of  feeling,  wliieli  now 
oftiMi  exist  bet\ve(»n  the  lower  and  other  dasses,  may  be  gradually,  but 
snrely  and  safely,  removed  by  the  free  and  spontaneous  application  of 
means  always  at  the  disjwsal  of  the  people,  and  without  tBe  aid  of  spe- 
cial legislation. 

"  The  rapid  spread  of  mannfaeturing  industiy,  the  development  of 
vast  natural  resources,  the  great  increase  of  wealth  which  has  charac- 
trcrized  the  present  century,  have  not  been  i)roductive  of  unmixed  gcwd 
t^  the  operative  an<l  poorer  classes  of  society;  for  ui)on  masses  of  work- 
men whose  occu|)ations  oblige  them  to  reside  within  the  limits  of  great 
cities  the  march  of  progress  has  im]>osed  conditions  of  social  existence 
of  the  most  baneful  kind.  F(n*emost  among  these  deleterious  iuHueiu^es 
is  the  overcrowding  of  dwellings,  which,  from  the  fi'ightful  proi>oitioii* 
it  has  attained  during  the  last  few  years,  has  attnicted  the  s[>ecial  atten- 
tion of  all  social  I'e formers.  Its  i)hysical  and  moral  effects  ueeil  not  be 
depicted  here;  they  are  universally  admitted.  Indeeil,  no  one  at  all 
acquaintiMl  with  the  subject  can  impugn  the  declaration  of  a  noble  phi- 
lanthropist, that  '  the  improvement  of  the  dwellings  of  the  iHH>ple  is  a 
condition  [)reciMlent  to  all  other  reforms.'  Nor  is  it  necessiiry  to  dei*eribe 
heR»  the  various  unsuccessful  attempts  which  have  been  made  toward 
the  abateiuent  of  this  givat  social  disease  either  by  pldlantlinipists, 
l>enevolent  societies,  or  by  politicians.  It  is  enough  to  say  that,  how- 
ever well  intentioned  they  may  have  bei*n,  the  results*  of  either  benevo- 
lent or  legislative  interference  have  hitherto  fallen  altogether  short  of 
the  enormous  tlemands  of  the  case.  It  is  now  clearly  understiHxl  l>y  all 
who  have  cart^fully  studied  the  sulijeit  that  the  only  plan  which  is  calla- 
ble of  dealing  compivhensively  with  si»  gigantic  an  evil  is  one  whielu 
while  feasible  and  capable  of  unlimitiHl  extension,  will  not  tuily  invite 
the  active  imitation  of  those  whost*  ordinary  commercial  av<K'utions  give 
them  a  iH'i'soiial  inteivst  in  the  question,  but  will  also  C4»mmend  itself  to 
the  ntJtice  o(  capitalists  and  professiiuial  builders  in  sui'h  a  way  as  to 
pn>voke  healthy  compctitiiui  on  the  part  of  those  seeking  fair  interest 
and  investments  of  umiuestioiiabU*  siH*urity. 

"The  Ciunpanitive  tailuiv  i»f  all  previous  attempts  in  this  diroi*titiu  is 
in  the  main  attributable  t<»  a  negh*4*tor  misappreciation  of  thi*  um-  iiiilis- 
lH»ns;ible  condition  of  succi-s^: — that  the  S4-lieme  slioidd  be  c^kiunitTcially 
protitable. 

••The  Impn>ved  Industrial  Pwfllings  ComiKiny  elaim  that  by  the 
exeri*ist»  of  a  •  t\w  and  simntaniiius  initiative/ antl  unassistt*d  bv  anv 
s|Hvial  legislativei'nactmi'Uts,  tlu'V  have  smvt-tiKil  in  puttiu;;:  this  tpies- 
tion  practically  lH't*«»n'  the  puMir  by  exhibiting  in  iist-lf  thi-  pni4-tii*al 
working  *>f  a  joiiit-sii>i-k  *NMn[kany  having  a  it»m|«nitivfly  large  capitaL 
rais^Hl  and  invt'st^sl  in  such  a  manner  as  to  phnv  the  tact  i»f  its  l»u<iiii-ss 
iH'ing  pnitiiable  lvyi»ud  all  doubt. 

••  At  the  |ireseut  date  aUnit  i:>.»«iiOU  have  been  rauiieti  by  the  subcscrip- 


loIlK  uf  its  sliHtX'liolik-rs,  UikI  of  ttiiit  iiiiioinit  'Wtiie  £40.000  liavp  l)ot>il 

invoMtdl  in  the  iHirchjiitt'  of  liuid  in  iWnsfly  overcrowded  dislvkls,  the 

moval  ot'dilapidalcd  and  unhcaltliy  dwelliiifts  •'I'oin  tl»>  Hitc»,  and  lUe 

I ■I'lion  ill  their  pUweH  iif  sevfi-al  lilocks  of  lolty,  couiduhUouh,  and  sab- 

i;LiitiaI  residpiiepM.     Altogether  iibunt  twenty-wrven  wimi-iilc  and  dis- 

I  in't  tiMiemeuts  Uave  iM-en  thus  jinivideil.    K«oh  ti'tifinent  irt  Ijitally  wlf- 

'  "iiiaiiied,  nnd  diittiiirt  IVmn  it«  fellow  iu  every  esM-nrinl  rt-siKMit.     It. 

1  onuiMlit  »f  two  ur  tUnti  liffht,  coniinixliotii*,  ami  vhct-fftil  uparlniHifs, 

SPlliiitr  with  a  Huparato  wash-house  or  waillery,  and  a  wat«T-idoftL-t,  all 

ntthia  its  own  fVont  door.     Every  teuemeat  is  well  supplied 

hb  flxt'itreH  and  tlltint;»,  mi  a»  to  make  it^  ro  fur  a»  the  hoiine  itMdf  ia 

IDcerued,  a  roinfoi-talilu  aad  attnwiive  hoaie  for  a  working  niau — a 

leHt  of  which  he  is  not  slow  to  uvaU  hiui.^>ir,  fur  all  tlii^  baildiiigs  yi't 

cteii  have  been  filled  with  eager  teiiant«  from  the  aioiuent  of  their 

oipletion,  and  the  representatives  of  the  company  arv  cunstantly  btrset 

liy  applieaids  for  jKisaible  varandes. 

"  The  improvement  of  the  morale  of  the  inhahitautx  of  these  huihiintts 
IK  iinipiesi joiiahle.  It  aiises,  doiihllena,  from  th«  families  ocetipyiug 
iheAc  hoaKe^  l>einj;  rt^moved  from  the  hnd  aatwtriHtious  and  intlnenees 
to  whieli  they  wen-  iK-fore  uiiavoidahly  esi>ose<l,  as  well  an  t«  the  pars 
t-tir  aiifl  the  ample  supply  of  watcT  to  which  iiiuHt  of  them  Hiul  acwHtt  for 
fe  first  time:  bnt  above  all  other  proofs  of  the  suitability  and  xulnbrity 
f*'tbK  dweltin^rt  ia  the  ntiimpeai^hable  testimony  of  a  diiniuished  rat«'nf 
e  and  dejith.  This  most  nuuiistakably  sliows  that  the  new  enndi- 
V  under  whieh  tlid  iH'eiipaals  of  thej«!  houi4e«i  are  pliu^ed  ntrike  at 
B  Bt  the  heart  of  those  deadly  infiaences,  aeting  equally  on  the  mimt 
i  body,  which  have  heon  the  growth  of  yrara  in  the  fetid,  anwhole- 
V,  mid  filthy  dwelliUK!*  ineident;il  to  (he  old  state  of  things. 
Siiti  ftoeiety  is  referred  to  in  the  "  Report  of  the  Comicil  of  Hygiene 
;  rnhlie  Ileulth  of  the  Citizens'  AsruH-iation  of  New  York  np<m  the 
iSaiiitJiry  Coadition  of  the  City,"  as  having  most  Biie<ri<sfiilly  met,  and 
overcome  the  ililliniltieM  inherent  to  an  undertaking  of  tliis  kind;  ami 
f  reeommetid  that  houses  Himihir  to  that  en-eted  by  Sir  Sydney  Wa- 
in l-'insbury  Si|mire,  Ixmdon,  for  twenty  fiimiliea,  lie  buill  hi  New 
There  is  no  doubt,  if  this  were  done,  and  the  plans  miHliltcd  and 
terieaiiized  so  as  to  suit  ■\meririin  tastes  and  preferenees,  that  siieh 
niciles  would  hwome  sufttciently  popniar  to  maketheai  imy  u  rental 
|)k.*Ii  would  be  n-miinenitive  to  the  bnilderR. 

[  coLtrMniA  syrAKK,  mihs  buudctt  coiTTs's  i.oiMUSd-nmsi':. 

e  first  of  the  four  dtnietares  which  roniimse  the  lodgiiig-honi<ie  of 
n  Sipiare  wa«  ojientnl  In  IS.)!),  the  last  in  ISIii.  Theobjwt  whieli 
lhi^  founder,  Miiw  Itardett  Contts,  had  in  the  erection  of  this  liuilding 
WDM  In  adoni  deeent  dotneslie  aceommiHlntlon  for  the  |H)orest  menilH>ni 
_oC  the  inilnMlritiTiK  ehiNws,  whose  weekly  wages  would  not  allow  them  to 
t  ill  ilwi-llings  with  a  higher  n.'nial. 
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Miss  Coutts  was  the  first  to  erect  dwellings  solely  for  this  class  of  ten- 
ants. Her  success  has  been  very  complete,  and  several  other  buildings 
similar  to  these  have  been  built,  all  of  which  have  fulfilled  their  require- 
ments and  made  a  good  pecuniary  return  on  the  cost. 

The  following  description  of  the  buildings  in  Columbia  S<in^i^  is  fur- 
nished by  the  architect,  Mr.  Henry  Astley  Darbishire : 

^  "The  general  arrangement  of  the  building  closely  resembles  that  of 
the  Victoria  lodging-house  5  and,  as  it  ha«  been  higiily  approved  by  all 
the  leading  sanitary  authorities  who  have  visited  it,  no  material  deiMirt- 
ure  from  this  arrangement  has  been  made  in  any  of  the  buildiiigK  of  the 
same  class  which  I  have  since  erected.  There  are  four  stories  of  dweU- 
ings,  and  a  fifth  or  attic  story,  whi(;h  is  occujned  by  wash-houaeH,  club 
or  reading  rooms,  and  hirge  areas  for  drying  clothes  and  for  the  exercise 
of  children  in  wet  weather.  The  dwellings  are  situated  on  each  side  of 
a  corridor,  which  is  lighted  and  ventilated  by  windows  at  each  end,  and 
by  a  wide  stone  staiixjase  in  the  center  of  its  length.  This  stairc*a8e  lia^ 
one  of  its  sides  uninclosed,  except  bj'  ir<m  railing,  so  that  the  c^orridor  is 
constantly  supplied  with  fresh  air — an  advantage  of  considerable  imjiort- 
ance,  as  the  poorer  classes  en<leavor  to  exclude,  with  jealo.us  csire,  every 
breath  of  fresh  air  surrounding  their  habitations ;  and  were  not  their 
dwellings  supplied  with  a  fresh  current  from  the  corridor  whenever  their 
doors  were  opened,  the  sanitary  condition  in  large  bh)cks  of  associated 
homes  would  not  be  so  highly  satisfactory  as  the  registrar's  returns  prove 
it  to  be.  The  dwellings  generally  consist  of  two  rooms,  a  living-room 
twelve  feet  by  ten  feet,  and  a  l>ed-room  twelve  feet  by  eight  feet  six  inches. 
Of  these  two-roomed  dwellings  there  are  twenty-eight.  There  are  nine, 
teen  dwellings  with  two  b(Hl-rooms  of  the  same  dimensions,  and  there 
are  five  dwellings  of  one  room  twelve  feet  by  ten  feet  six  inches,  intended 
for  adult  members  of  families  occupying  the  first  siH^cified  dwellings. 
Each  living-room  is  provided  with  two  cupboards,  the  upper  one  anwigeil 
with  shelves,  the  lower  one  ada])ted  to  receive  coal  and  fuel.  The  fire- 
place is  furnisluMl  with  stove  for  <H)oking,  oven,  boiler,  hot  plate,  and 
trivet.  There  an^  four  water-closets,  two  lavatories,  and  two  baths  on 
each  fl(K)r.  In  the  center  of  each  corridor,  and  adjoining  the  staintase, 
is  a  dust  hoi)i)er  or  fia]),  connected  with  a  shaft  (*ommunicating  with  a 
vault  in  the  lowermost  part  of  the  building,  which  is  the  only  ]M)rtion 
basemented.  Access  to  this  vault  for  the  removal  of  dust  is  pi^ovidiHl 
from  the  exterior,  so  that  noelHuvia  or  annoyance  arising  thei*efromnuiy 
enter  the  building.  The  dust-shaft  is  carriinl  up  over  the  roof  for  the 
puriM)se  of  ventilation. 

*'The  staircase  and  <M)rn<lors  are  of  stone.  The  external  walls  are  faee«l 
with  picked  stm'k-bricks  of  the  ordinary  descri[)tion,  and  are  l\>urte4»n 
inches  thi<rk;  those  of  the  internal  walls  which  have  firei>hw?es  are  nine 
inches  thick;  the  partition  walls  between  the  living-rooms  and  be<l  rooms 
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:lii-  lour  auil  a  hiiir iiiclieR  tliick.  All  tlip  iiiturnitl  walls  an>  wnrko^I  witli 
:ii  I'airit  r«pf  as  CDiiiriioa  brickwork  will  hIIow,  ami  urii  uolort'tl  witli  two 
'i:itjt  uf  watU-aizHl  ilititoiupcr  color  iif  a  warm  en-nm  tint,  whirh  Kives 
:  1 1>  la  a  rU-aii  ami  cniiirortable  n|)t*e:Lram^.  The  reilingH  of  tlie  ilwf^UiiiKH 
.11--  (III-  wily  |ioi-tii)ii»  oJtlif  haihling  wliicli  are  plastered. 

"lln'  foroKoiiiK  brief  oiitliiK>  iriay  wrv*  t«  explain  the  (lesei-iplion  of 
ImJIdiu^  wliiirli  it  is  oonsiilei-eil  dfsirabk^  to  jirovide  for  a  clsfw  of  ta^uaiits 
liithcrtu  iniarcnstomfd  to  tlie  oi'dinni'j*  dtM;em■it^s  of  domestic  life ;  a  i-Iasa 
which  required  to  be  t<'ai|)ted  to  try  sniuetbiiig  nithi'r  iK-tter,  but  nut  twj 
iiimdi  belter  than  anything  which  habit  bud  rendered  at'C4'j»tal'lo  and 
jileaAnut,  and  which  they  would  reluctantly  forsiike.  As  Mis«  Hurdi'lt 
<  ontm  felt,  tliat  she  was  the  lirst  to  t i-y  the  experiiuunt  of  prnridiuK  homes 
for  Mr-  very  poor,  »iid  [«is8e«<ed  no  jirenoua  data  to  guide  her,  it  became 
mtVdKwry  1^>  tix  the  nmtsof  tiled  welliiifjs  at  a  rato  which  would  not  exceed 
^mjtttt  hitherto  eharj^enhle  for  verj' inferior  aeeommodHtion.  For  thix  rea- 
^Hkotwi'nty  four  ot'the  two  roomed  dwelliofT^ were oflered  at  three  shlllinjfs 
■ucpeuct!  weekly  rental ;  four  two-nxiraed  dweliinss.  which  werC'  rath**r 
-mailer,  wei-o  ofl'ered  at  three  shillings  weekly  rental;  nineltfU  tliref- 

iit^  dwellings  wei-e  ofl'ered  at  four  shilling  weekly  rental,  belnn  nn 

n.-i-Kise  of  oidy  six[K'n('4?;  and  the  five  single-nMHued  tlwellinjpi  weii; 

xlVeriH)  a(  two  »liT)Iing)i  wwkly  renlul.    These  rents  iiiclude  all  elmrne* 

to  ll»tt  tenant.    By  degrws  the  building  became  oec»|iied.     More  ap|iU- 

cuntit  applied  for  remdencc- than  could  Iw  accommodnted  :  and  as  MtHS 

C  LQoulla  wa«  entirely  satiftlied  with  her  suecesB,  the  whole  wiuan-  waa  tdtl- 

^Httolj  nnnpleted  in  Miiy,  1SI12.    The  buildings  afe  always  full,  and  the 

^Bninnt«  regahl  it  H  ]iririlcge  t<»  Ik-  ndniilled;  nnd  altbou^ih  Iheit-  are 

^nSelvrt-en  wven  hundred  mid  eight  hundred  resident;*  since  the  comple- 

liiin  of  llie  first  btiihiing,  then^  haa  not  been  a  singlt^  caKe  of  »  tenant 

iNToitiing  amemdile  to  the  law.    The  managi-ment  of  tliv  hniUUng  is  cou- 

d  a»  t'uUows :  A  resident  8U]>erinteiKlcut  tuquin':^  into  the  elmrarter 

I  anteirtvlentH  of  all  |H'rsons  applying  tor  residence.     He  i-olliM-lst  th« 

,  disburses  all  simill  payments  imt  paid  by  check,  and  pavH  ttm 

lare  into  the  bank  e\ery  week.     Me  keeps  actMiunt  of  the  snma 

and  paid  by  him,  and  submit-i  the  laxiks  to  the  set-i-etary  fm- 

periotliral  c.\  ami  nation,     lie  iffers  all  fpu^tions  of  ini[H>rtance  to  tlie 

rt'lAry,  mid  is  in  all  respects  under  hisdirection.     t'nder  him  are  two 

I,  wlio  attend  to  the  general  cleanliness  and  onler  of  the  bnihiing, 

i^  tigbt  and  put  out  the  lamps,  and  attend  to  other  minor  dnties." 

V  iK'coniaiy  return  on  the  <:ost  of  this  building  is  only  two  and  on^'- 

bnlf  {K-rceiit.    This  .in  to  la-  attributed  lo  the  fact  that  Diit  fxtt-nml 

eh^rnetnr  of  the  huliding,  though  isimple,  \*  mon-  ehiliorali^  thiiu  neeil 

■y  111  llir  btw  nitt'K  of  rent  demanded  fn>m  the  leuantis,  »ud  the  high 

)  Iff  Die  parii^h  in  which  it  i!4  situatt-d;  and  lo  the  hiiut  of  rt-vennu 

klkil  by  the  tuH*  of  till!  whole  upper  story  for  BTish-riMmw,  reading- 


^^■p'lAry 

^^^Im-  IK- 


[ad  the  object  of  this 


1  to  render  it  remuurmtiv 
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a  financial  point  of  view,  a  much  larger  rent  could  have  been  obtaine<l 
for  the  lodgings;  in  so  doing,  however,  the  object  of  this  institntion, 
which  is  mainly  a  benevolent  one,  would  have  be(m  defeated.  In  the 
erection  of  this  buihling  Miss  Coutts  has  not  only  supplied  one  hundreil 
and  eighty-nine  families  with  lodgings,  but  by  her  example  lias  induced 
the  proprietors  of  cottages  in  the  neighborhood  to  improve  their  own 
wretched  property.  This  result  is  almost  always  sure  to  take  place  when 
a  better  class  of  dwellings  for  laborers  is  ereeted  in  a  poor  community 
or  quarter. 

UNITED  STATES. 

WESTERN  FARMERS'  HOUSE. 

In  the  section  of  the  park  assigned  to  the  United  States  the  State  of 
Illinois  presented,  for  the  examination  and  consideration  of  the  visitore 
to  the  exhibition,  the  Western  Farmers'  Home,  or  American  cottage.  It 
was  constructed  by  Colonel  layman  Bridges,  of  Chicago,  from  plans 
furnished  by  Mr.  O.  L.  Wheelock,  architect  of  that  city,  and  was  for- 
warded in  sections  by  railway  from  Chicago  to  New  York,  and  was 
installed  among  other  types  of  residences  and  palaces  that  were  exhib- 
ited in  the  Champ  de  Mars.  The  object  of  this  exhibition  was  to  illus- 
trate the  kind  of  dwellings  much  in  use  in  the  agricultural  regions  of 
the  United  States.^ 

The  building  was  regarded  with  much  favor.  It  combined  beauty  and 
comfort  at  an  outlay  Vithin  the  reach  of  all  i)rudent  and  industrioos 
persons.  It  di<l  not  conform  to  any  special  order  of  archite<;ture,  and 
was  C()nsrru<*t(»d  of  pine  lumber,  so  abundant  in  Wisconsin  and  Michi- 
gan, generously  contributed  by  Uon.  William  B^Ogden,  of  the  Peshtiiro 
Com|)any,  and  Wood  &  Lawrence,  of  the  Newago  Company. 

The  capacity  of  the  dwelling  wsis  sufficient  for  a  family  of  six  or  eight 
persons,  and  contained  three  large  rooms  on  the  first,  and  five  chambers 
on  the  second  floor.  The  plan  was  such  that  one  of  the  rooms  of  the 
grouiul  floor  could  be  first  constructed  and  occupied  as  a  temiwrary 
home  for  a  n(»w  beginner  in  a  new  settlement,  at  an  expense  of  only  three 
hundred  dollars,  and  the  other  rooms  and  wide  hall  a<lded  at  the  pU^sure 
of  the  owner.  It  also  rei)resented  the  fact  that  the  farming  population 
of  the  United  States  may,  and  do  very  generally,  own  the  homes  in  i 
which  they  live,  and  that  they  have  liberal  protection  in  the  owuei-ship 
by  the  laws  of  the  different  States. 

This  dwelling  was  made  the  center  of  attraction  by  the  distribution  of 
docniments  and  information  relating  to  the  extent  and  re.sources  of  the 
United  States,  which  information  was  eagerly  sought  for  by  the  numerous 
European  nations.  The  walls  were  lined  with  maps  and  photographs, 
and  the  library  supplied  with  valuable  works  gi\ing  information  ni>on 


*  This  valuuble  exbibition  was  secured  through  the  cxertious  of  Comuiissiouer 
Bowcn.— Editok. 
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tbe  extent  and  resources  of  the  United  States,  and  this  infoilnation  was 
freely  imparted  to  thousands  of  visitors. 

In  connection  with  this  notice  some  facts  in  detail  concerning  the  coat 
of  buildings  supplied  to  actual  settlers  upon  the  western  prairies  will  be 
interesting.  They  have  been  obtained  from  Colonel  Bridges,  at  whose 
establishment  in  Chicago  the  Illinois  farmer's  cottiige  was  made,  and 
who  has  had  great  experience  in  supplying  cheap  homes  to  settlers  in 
the  west. 

The  majority  of  settlers  do  not  order  more  room  than  they  at  first 
actually  require,  or  from  two  to  four  rooms,  costing  from  two  hundred 
to  six  hundred  dollars  eacti.  Many  only  wish  shelter,  and  do  not  have 
their  rooms  finished  inside.  About  one  family  in  seven  desire  a  build- 
ing costing  from  six  hundred  to  one  thousand  dollars,  and  it  is  rare  that 
a  more  expensive  house  is  ordered. 

The  school-houses  usually  ordered  are  twenty-four  by  thirty-six  feet  in 
size,  and  cost  one  thousand  dollars.  Portable  stores  are  sold  at  from 
five  hundred  to  two  thousand  dollars.  The  size  usually  ordered  is  twenty 
by  forty  feet.  Some  details  upon  the  construction  of  these  buildings  will 
be  found  on  page  58. 
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LIST  OF  EXHIBITORS  IN  CLASS  93. 

FRANCE. 

1.  The  Emperor  of  France.— Cheap  dwelling-house  for  many  fami- 
lie^ ;  Avenue  de  La  Bourdonnaye. 

2.  Japy  Brothers  &  Co. — Beaucourt^   (HautRhin.) — Single  lodg- 
ing-house, used  by  a  single  family  of  clock-makers. 

3.  The   Society   of   Workmen's   Villages    of    Mulhouse.— 
Group  of  four  houses  similar  to  those  built  at  Mulhouse. 

4.  Mining  Company  of  Blanzy,  Blanzy. — Miner's  house,  with  two 
sets  of  lodgings. 

5.  Association  of  the  Wokmen  of  Paris. — Cheap  house  for  many 
families. 

6.  Cooperative  Real  Estate  Association  op  Paris. — Cheap 
dwelling-house  for  a  single  family. 

The  following  exhibitors  displayed  models  only  of  the  buildings  erected 
by  them. 

7.  G  LDENBERG,  ZoRNHOF. — Models  and  plaus  of  houscs  jof  different 
types,  for  ..  single  family. 

8.  Coal  Mining  Company  of  Anzin,  Anzin. — Miner's  house. 

9.  RiCHEBl^,  mayor  of  Lille,  Lille. — Models  and  plans  of  workman's 
houses  to  be  erected  by  a  company. 

Francis  de  Wendel,  Sons  &  Co.,  Hayange,  (Moselle.) — Model  of  the 
village  of  Styring,  Wendel. 

11.  SCRIVE,  Marcq-en-Bareuil. — llouse  for  the  working  class. 

12.  Dupont  Paul,  Paris. — Models  and  plans  of  workmen's  houses  at 
Clichy;  model  of  a  projected  lodging-house  for  women. 

13.  Trohjchon,  Palis. — Model  of  a  cheap  house  in  iron  and  plaster. 

14.  Jouffroy-Rendault,  Mone,  Paris. — Models  and  plans  of  the 
single  houses  of  the  cit6  JouflFroy-Rendault,  Rue  des  Cailloux. 

14.  Janin  Brothers,  Montluyon. — Model  and  plan  of  a  group  of  six 
houses  for  agricultural  and  industrial  workmen. 

16.  Tabien,  Paris. — Mo<lel  and  plans  of  a  cheap  house. 

17.  tSCHNEiDER  &  Co. — Houscs  for  the  working  population  of  Creu- 
zot. 

FRENCH  COLONIES. 

1.  The  Algerine  Society  of  Climatology,  Algiers. — Plan  of  a 
projected  colonial  village;  model  in  plaster  of  a  farmer's  house. 

PRUSSIA. 

1.  Behr,  (Frideric  Felix  de)  Vargatz,  near  Griefswald.— Model  of 
the  house  of  an  agricultural  laborer  of  Pomerania;  model  of  a  stable. 

2.  Society  of  Berlin  for  the  erection  of  workmen's  housf^s, 
(Patron,  the  Prince  Royal  of  Pruasia.) — ^Designs  of  houses  constructed 
by  the  Hofitaiann  Society,  Neustadt. 
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BELGIUM. 

1.  HouGET  &  Teston,  Verviers. — Houses  for  factory  operatives. 

2.  Jagquemyns,  MmDERHOUT,  Antwerp. — Type  of  an  agiicultural 
workman's  house. 

3.  KypensPeters,  Neil,  Antwerp. — Materials  for  the  construction 
of  the  workmen's  houses  exhibited  by  Houget  &  Teston. 

.WLTRTEMBERG. 

1.  Staut  &  Co.,  Kuchen. — Plans  and  descriptions  of  workmen's 
houses. 

SWITZERLAND. 

1.  ScHAECK,  Jacquet,  Geneva. — Houses  constructed  for  benevolent 
purposes. 

ITALY. 

1.  Neapolitan  Philanthropic  Association,' Naples.— Plan  of  a 
group  of  houses  in  course  of  construction  at  Naples. 

GREAT  BRITAIN- 

1.  IX)RD  DiGBY,  London. — Models  of  rural  dwellings. 

2.  Improved  Industrial  Dwellings  Company,  London. — ^Models 
and  plans  of  improved  dwellings  suited  to  different  classes  of  workmen. 

3.  Metropolitan  Association  for  Improving  the  Dwellings  of 
the  Industrial  Classes. — Mo<lels  of  dwellings. 

4.  Salt,  Titus  &  Co.,  Saltaire,  Bradford. — Designs  of  their  factory, 
and  of  the  village  of  Saltaire. 

5.  Society  for  Improving  the  Condition  of  the  Laboring 
Classes,  London. — Designs  of  model  dwelling-houses  for  workmen,  and 
of  houses  which  have  been  rebuilt. 

UNITED  STATES. 

Illinois  Cottage,  or  Western  Farmer's  IIome. 
Portable  Cottage,  Louisiana.* 
Country  District  School-house. 
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PRIZES  AWARDED  TO  EXHIBITORS  IN  CLASS  93. 

GEAND  PRIZE. 
The  Emperor  of  France.—^  Work  men's  houses,  France. 

GOLD  MEDALS. 

Madame  Louise  Jouffroy-Renault,  Paris. — Cit^  Jouffroy-Renanlt, 
at  Clichy  la  Garonue,  France.  • 

8oci:6t:6  des  Cit^s  Ouvri^res  de  Mulhouse. — Houses  arranged 
for  the  lodging  of  four  families. — France. 

Metropolitan  Association  for  Improving  the  Condition  op 
Workmen's  Houses,  Loudon. — Great  Britain. 

Society  for  Improving  the  Condition  of  the  Working 
Classes,  London. — Great  Britain. 

SILVER  MEDALS. 

Association  of  the  Workmen  of  Paris. — House  with  six  lodgings, 
for  six  families. — France. 

Cooperative  Real  Estate  Association  of  Paris. — Cheap  house 
for  a  single  family. — France. 

Japy  Brothers  &  Co. — Beaucourt. — House. — France. 

HouGET  &  Teston,  Verviers. — House  for  a  workman's  family.— 
Belgium. 

The  Company  of  ANZri^. — Workmen's  quarters. — ^France. 

ScRiVE  Brothers,  Marcq-en-Bareuil-pr^.s-Lille.~ Workmen's  houses.— 
France. 

Baron  de  Behr,  Yargatz. — Houses  for  two  families  of  agricultural 
laborers. — Prussia. 

Government  of  the  United  States. — ^Wooden  house  for  a  farmer.— 

United  States. 

• 

BRONZE  MEDALS. 

Schneider  &  Co.,  Creuzot. — Workmen's  houses. — ^France. 
Lord  Digby,  Ireland. — House  for  the  families  of  agricultural  labor- 
ers.— Great  Britain. 
Staub  &  Co.,  Kuchen. — Workmen's  houses. — ^Wurteraberg. 

HONORABLE  MENTIONS. 

Tabien,  Paris. — Plans,  models,  and  workmen's  houses  for  Paris.— 
France. 

Society  of  the  mines  of  Blanzy. — Houses  for  two  familiea  of 
miners. — France. 

Janin  Brothers,  Montlugon. — ^Workmen's  houses. — ^France. 

Henry  Drasche,  Vienna. — ^Workmen's  houses. — ^Austria. 

Jean  Liebig  &  Co.,  Reichenberg. — ^Workmen's  hooses.^ — ^Austria. 
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PREFACE. 


The  matter  of  this  report  was  submitted  to  the  Department  of  State 
by  the  Commission,  in  three  distinct  portions,  with  the  following  titles: 

First.  "Report  on  the  Exploitation  of  Mines,  by  Alfred  Huet,  Civil 
Engineer,  Paris,  France,  and  Henry  F.  Q.  D'Aligny,  United  States  Com- 
missioner." 

Second.  "Report  on  Boring  Machines,  by  Alfred  Geyler,  Civil  Engi- 
neer, Paris,  France,  and  Henry  F.  Q.  D'Aligny,  United  States  Commis- 
sioner." 

Third.  "Rei)ort  on  the  Mechanical  Preparation  of  Minerals,  by  C. 
Lepainteur,  Engineer  to  the  Syndica^t  of  Class  47,  Paris,  France,  and 
Henry  F.  Q.  D'Aligny,  United  States  Commissioner." 

These  reports  were  originally  prepared  in  the  French  langaage,  and 
having  been  imperfectly  translated,  the  translation  required  revision. 
This  has  been  done  by  the  Editor,  and  considerable  additions  and  changes 
have  been  made.  In  general,  however,  the  original  arrangement  and 
presentation  of  the  various  subjects  treated  of  has  been  followed  as 
closely  as  possible,  and  in  some  portions  with  perhaps  not  as  many 
changes  in  the  diction  of  the  first  translation  as  a  due  regard  to  style 
would  require. 

As  the  three  reports  were  upon  different  branches  of  the  art  of  mining, 
the  three  have  been  combined,  under  one  general  title,  into  one  report 
in  three  parts,  corresponding  to  the  three  reports  originally  submitted. 
Their  distinct  character  is  thus,  to  a  certain  extent,  preserved. 

WILLIAM  P.  BLAKE, 
Editor  of  the  Reports  of  the  United  States  CommissionerH. 
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INTRODUtmON. 

PTntil  within  h  tV-w  .vhid*  tmiU  niiil  i^i)Mrat»H  for  IkiHiik  ititu  tJie  Mtrtb 

n.'nt  ilt^|itt)s  wert-  iitMfl  ulinost  vxuluitirvly  fur  obtiiiuiui;  water,  or  tu 

^nr<'  for  1>h1s  of  coal  or  for  iiiiufral  (l«]iiMitti.     Filt>'  yttarH  ngo  thr  nrt 

loritig  WHH  in  a  priiiiitivf  coiKlitiikii,  a»  jtnw^ticfd  by  the  wHI-borani  of 

a  anil  Iluly  i  bill  now,  iLhiiIch  to  t\w  Frttm-b  twtnotiwuf  »rt,afcrical- 

i,  Mill  iiiduatrii'.  it  liaa  recf iveil  n  n&w  imimlsn,  nuU  Hcientitic  eopiiM^ni 

e  ))e6ti  called  li>  project  anil  dhvct  ext4>iiKive  uperHtioiiH  of  iIiik  mUure. 

|Bd«r  their  inHiietice  the  art  which  war  no  long  ue;rlei-tetl  UiM  lie«ii 

ihlly  iii-vi-lu|iiHl,  and  the  Uiriiig  nul  Iihh  [tiisik'^l  from  tliv  hHud«  id 

■kmiui  dimply  into  thiwp  of  nkillful  engiuMTci.    The  Initnblc  boritig  rod 

P^'Bemanl  I'aUssy  ban  now  bt-en  c4Hivi-rt*^  into  an  engine  which  in 

^pgdieil  in  many  wayH,  and  which  gu^ouiiiliaheii  reniiltH  at  the  depth  of 

iU'ViTal  hiiiidred»<ofaietifwattcorii|»licHted  mid  difficult  nx any  which  may 

be  alluined  at  or  near  the  siirfHoe. 

•The  diameters  of  urtcsian  wiiIIh  formerly  d><l  not  t5]ii-eeit  V^W,  (11.81 
a,)  btit  they  have  lieen  iiiereajwd  repularly,  until  at  Passy,  near 
I,  Hll  ort^aian  well  was  eouuncnced  at  more  than  one  melre  in  dia 
',  ttjid  wa»i  eom)ilet«>d  with  a  diameter  of  »"."»  at  the  bottom.     It 
ittff  knomi  to  be  |KtH!iihle  tn  nink  nhaftd,  eitlit^r  for  welln  or  for  mining 
|t|MM«A,  with  dianieterK  an  givjtt  iti*  <"'.Ht,  or  over  Ihirfi-en  feet,  and 

mgli  HtniTa  of  ^vat  hanlne»s. 
|Lp[HirHtiu  for  IIh-m-  imrjiuM-H,  ithoim  in  the  Ex[>o8ition  by  Met 
1  and  Chantlroii,  Ui'KouMie.  CharlRH  Lanrent,  and  by  Dm  Brotha 
t  tbi!  tu'w  em  in  the  art  of  Kiakiii);  HholU  and  weltR,  and  luake  il « 
^t  thai  tJie  new  metliodi)  and  en):lueit  im*  ileKtined  |ti  have  a  ({rest 
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ent-e  iipou  ttie  developmeitt  of  coal-tleldH,  t-speiimlly  »u«li  as  uuilerlie  jier- 
nieable  strata  heaiily  cLarged  with  waU^r,  and  itlteiiiatlug  with  imperme- 
able bed»  of  solid  itick,  a^  iu  tbe  coal  basiut*  uf  Moiia  niid  La  MoM-lle, 
in  France. 

I.— BORING  LAROE  MININ(i  HHAl-TS. 

Tbese  new  methods  of  boring  sbal^H  avoid  ibe  necessity  of  pumping 
out  tbe  water  during  tbe  operations  of  sinking,  as  must  always  be  done 
when  the  work  is  performed  by  hand  bibor.  'Oiis  method  of  workiug  in 
a  abaft  full  of  wat«r  is  called  in  France  (V  niveau  plein,  in  distint;tioD 
to  tbe  other  and  old  metbmls  of  working  with  the  shaft  drained,  ualled 
h  niveau  plat. 

The  iniportauce  of  this  mode  of  sinking  will  be  evident  fmm  the  fol- 
lowing brief  notice  of  the  coal  ba^in  of  Saarhmck.  Thin  basin  t^xtends 
beyond  the  limits  of  the  Rbino  provinces,  in  the  de[iartment  of  La 
Moselle.  The  coal  wcnrs  under  barren  strata,  composed  of  tlie  {gria  dot 
Yosgen)  sandstone  formation  of  the  Vosges,  and  the  new  red  sandstone 
formation,  {grha  rouge.)  The  fommtions  are  at  first  very  silictuus  and  full 
of  fissures,  giving  tVee  passage  to  water.  Tfiey  then  become  argilla<;«H>aa, 
and  finally,  near  the  junction  with  the  i'jmI  measni-es,  are  imi>ernieahltt 
to  water. 

Eleven  mining  conce^^iouH  have  lieen  made  in  this  department  huhv. 
1820,  and  in  1858  it  was  estimated  that  twenty -one  millions  uf  francs  lia<l 
been  expended,  and  chiefly  in  prospecting. 

Boring  and  tubbing  (lining  the  shaft)  from  the  surfuce  was  completely 
successful  for  the  first  time,  trom  lS.ii  t^)  185«,  at  tit.  Vaast,  and  later  at- 
Bessaix,  in  Belgium,  iu  1862  and  18t>^;  but  iu  these  two  first  attempts 
the  water-bearing  strata  were  scarcely  0".70  thick,  aud  tbe  pits  were  of 
small  dimensions. 

Iu  order  to  explain  the  apparatus  and  these  methods  of  sinking  in 
detail,  we  give  a  description  of  the  work  of  sinking  shafts  of  large  dinieu- 
sious  iu  the  department  of  the  Moselle: 

SHAtTS  IN  THE  UEPAKTMENT  OF  MOSELLK. 

The  works  about  ta  be  described  were  executed  at  L'Uikpital  (Moselle) 
tor  the  St.  Avoid  company,  represented  by  Messrs.  Pereire  and  Momy, 
upon  the  method  called  the  niiieau  plein  of  Messrs.  Kiud  and  Chaudi'un, 
uuder  the  direction  of  Mr.  Levy,  the  company's  engineer.  Tbe  work 
was  uuder  the  suiwriiiteudenw  of  Mr.  (.'hatelain.  engineer,  formerly  a 
pupil  of  the  iScule  Centrale  <le«  Art»  et  Maniifanlures  of  Paris.  Two  pita 
were  sunk ;  one  for  an  sur-sbiift  (No.  1)  with  a  diameter  of  l^-Stt  witbtn 
tbe  tubbing,  and  ^"'..Vi  in  its  greatest  diameter ;  the  other  {or  No.  2) 
for  a  winding  or  hoisting  shaft  was  bored  with  a  diameter  of  4'". 10,  and 
was  3™.40  when  finishetl.  The  o)>erations,  aecording  to  this  method,  suv- 
ceed  in  the  tbilowing  oi-der: 

1.  Constiiictiou  upon  thi-  siu'face — buildings  aud  derricks. 

2.  Boring  the  pits. 
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3.  Loweriii«:  the  tubbing. 

4.  Puclclling  or  packing. 

5.  Packing  at  the  base  of  the  tubbing. 

BORING  SHAFT  No.  1. 

Surface  preparations. — ^The  preliminary  operations  consisted  in 
tlie  construction  of  the  necessary  buihlings  for  the  engines  and  tools,  and 
the  erection  of  a  derrick  over  the  site  of  the  pit.  All  these  were  of  teni- 
|M)rary  construction,  intended  to  l>e  used  merely  during  the  progress  of 
the  work. 

The  derrick  was  made  of  four  supports  strongly  framed  together,  and 
sustaining  a  platform  alH>ut  thirty  feet  above  the  surface  of  the  gix)und. 
Ui>on  this  a  railway  or  tramroad  was  laid  for  the  trucks,  which  carried 
the  boring  tools  and  rinls. 

The  engines  for  sinking  comprised  the  capntanj  the  jumper^  and  the 
donkey-engine.  The  capstan  was  use<i  for  lowering  and  hoisting  the 
boring  tools  in  the  pitvS,  and  for  lowering  the  tubbing  or  lining  of  the  shatt. 
The  engines  used  at  L'Hopital  had  a  nominal  force  of  25  horse-power. 
The  diameter  of  the  cylinder  was  0"'.5G,  and  the  length  of  stroke  0»".70. 
The  respc»ctive  diameters  of  the  gearing  were  1™.70  and  0°>.35,  Admit- 
ting an  ellective  jiressure  of  thi'ee  atmospherics,  the  initial  force  upon 
the  driving  shaft  was  48,513  kilogrammes.  These  machines  worked  reg- 
ularly ;  nevertheless  w(»  think  it  would  be  well  to  increase  the  size  of  the 
engine,  inasmuch  as  the  tendency  is  constantly  to  an  increase  of  the  size 
and  weight  of  tools  in  us<». 

The  tirst  ro|K*  us(h1  at  the  air-shaft  had  a  section  of  54  square  centime- 
trt*s,  capable  of  sustaining  a  strain  of  5,4(K)  kilogrammes.  It  was  ma<le 
of  good  hemp ;  but  after  working  for  one  year,  it  broke  in  lifting  a  trepan 
weighing  3,858  kilogrammes.  The  tool  fell  from  a  height  of  86  metres, 
taking  with  it  17  metres  of  the  roi)e.  This  accident  occasioned  a  stop- 
page of  nine  days.  The  cable  was  replaced  by  another  having  a  section 
t)f  HTi  square  centimetres,  and  after  using  it  for  fourteen  mouths  the  work 
was  suspended  for  three  days  in  order  to  make  a  new  splice. 

The  sc<*ond  machine — the  Jumi»er — was  made  of  an  engine  cylinder, 
t)pen  at  the  bottom  and  closed  at  the  top.  Tlie  pisttui-rod  was  conne<*ted 
directly  with  the  wo<Mlen  beam,  cairying  the  tool  for  cutting  and  boring 
at  its  other  end.  15y  the  alternate  lifting  and  falling  of  this  tool  with 
the  attached  beam,  the  nu'k  was  cut  away.  The  dianu't<*r  of  the  ])iston 
of  the  jumper  was  0"M»(),  and  the  greatest  length  of  stroke  was  one 
metre.  Tln^jumiMT  did  not  re<iuire  any  repaii*s  during  the  whole  opera- 
ti<m  of  sinking  the  shaft. 

The  third  machine — the  donkey-engine — was  used  to  wt)rk  a  pump  for 
hot  and  for  cold  water.  It  is  imlisiM^nsable  for  the  supply  of  the  Iwnler, 
as  the  <'a])stiin  and  the  jumper  work  irn»gularly.  KxiH»rience  has  shown 
that  the  I'immI  [»umps  should  be  in  duplicate,  so  as  to  avoid  the  ne4*essity 
of  stopping  ft>r  i-epairs. 
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The  pniiarotioiis  for  dnUng  the  idr^ 
1808,  and  were  flnidied  in  the  fbllowkig  montb  «f  JSf^    Tkm 
was  as  follows: 


;.»  «  I   ;-; 


Bnfldings , 28,S(a<» 

Maddnea  and  took '. 97,828. fa 

Total 96^9».m 

BoBim^  xn  Pim.---Bofare  aonmieiMbig  tlia  ahikfaif  witid  liia  qpedri 
tools,  a  pieparatory  pit  was  rank  to  a  d^th  of  21».40,  and  was  tti^  wiA 
SMUMiofy  to  a  diameter  of  3» J<^  up  to  witUa  ft?«  metim  sodiMe^ 

vlifire  the  diameter  was  inefeased  to  iofiir  metres.    This  shoalder  in  the 
stone  lining  affof^d  a  fomidatlGn  for  a  platform* 

The  sinking  was  aeeomplished  by  two  different  operations.  Fhst^  a 
eentral  pit  of  1*.37  was  sank  and  then  enlarged  to  2^.28.  The  debris 
ef  this  enlargement  foU  into  the  first  pit.  The  tabbing  was  inserted  ia 
the  enlarged  pit. 

.  The  boring  tods  enq^loyed  in  these  operations  win  now  be  deee^ 
the  ser^per,  the  serape-hook,  and  tlie  dillbrent  apparatus  nsed  kidiserim- 
Inately  in  the  two  pits  will  be  afterward  noticed. 

The  little  trepan  first  emplogred  is  represented  by  Fig.  1,  Plate  L 
It  weighs  ^085  kilogrammesi  and  is  finmed  of  two  prineipal  parts— the 
fork  and  the  blade.  The  blade  is  l^M  long,  and  is  provided  witii  teeth 
of  cast-steely  or  of  iron  foced  with  steel,  intended  to  cut  the  rock.  These 
teeth  increase  the  diameter  of  the  trepan  to  1».37.  The  blade  is  joined 
by  means  of  keys  to  two  strong  iron  arms,  which  are  nnited  above  with 
a  central  shiaft,  which  was  connected  by  a  slide  with  the  suspension 
apparatus. 

This  trepan  worked  easily  through  the  sandstone  of  the  Vosges — frh 
ie$  Vo9ges.  The  fall  given  was  0n».30.  The  progress  per  day  was  at  first 
Om.79,  and  it  diminished  to  0™.52,  and  then  to  0"».28  at  a  depth  of  121 
metres ;  but  at  135  metres  in  depth,  in  a  stratum  of  strongly  aggregated 
silicious  red  sandstone,  the  progress  was  only  0".15  and  0™.ll.  It  was 
soon  found  that  this  trepan  was  too  light  to  stand  the  shocks  of  the 
blows,  and  three  successive  ruptures  of  the  stem  made  it  necessary  to 
pnKnire  a  stronger  trepan,  shown  by  Fig.  2,  Plate  I,  weighing  3,858 
kilogrammes,  divided  among  the  various  parts  as  follows : 

KiloB. 

lUnly  of  trepan 2, 70O 

Ouide 

Bliide 

Four  t«M^th  of  the  bead 1 

Four  Intermediate  teeth 

Pbites  and  keys 

Total  weight 
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iThu  tfloUi  are  flsM  uiion  this  miwa  of  iron  liy  uiPiiiid  of  keys.  The 
iketa  for  the  reception  of  rhi"  tenons  are  coDltral.  ami  arpO"". 1(1  inrtinine- 
t  Bt  Uie  fiaw  and  )>".()ft  iit  the  tot).  The  jintgi-eHe  In  the  work  made  by 
i  tn-piui,  fViini  thf  couiiueneeinent^  wiw  from  tN,a8  to  1>'",52.  and  t;v«m 
lhij;h  UM  (»"'.Si,  giving  ft  mean  of  on'.ao,  being  three  times  a»  much  an 
ide  by  tin*  first  trt'imn.  This  nhowH  ckiirly  that  the  hea\7  trt>]miifi  are 
t  for  the  hard  i<trntii. 
[Th4>  trepan  which  was  Hmt  uxed  for  the  enlargement  of  th»  pit  to  the 
i«teri>f  ili^.ljf;  Iiatl  a  blade  2"'.4(i  in  length ;  it  wiis  formed  like  the  little 
1  tint  used,  and  bwl  a  blade  li,\ed  upon  a  fork,  and  weighed  in  all 
\)  kilogrammes,  rlivide<l  iw  folIowH : 

Kili>& 

2,500 

906 

E  teeth  of  the  head 102 

e  iatieruiediate  tefeth 48 

Bplfttes -130 

Total  weight .3,  B80 

n  order  to  avoid  the  frequent  breaking  out  of  the  teeth,  this  trepan 

B  lifted  only  O^-ai.    The  progress  made  with  it  dnily  wtw  frwm  I".10 

».1K  at  the  IbaI,  wht'n  a  stratum  of  hartl  sandKttine  wan  eueoiintered 

1  the  weight  of  the  trepitii  wim  found  to  l)e  iiiMUfbeient.    Two  blades, 

e  above  tbo  other,  were  tlien  uniteil  to  the  fork  by  rings  and  bult<«,  ua 

1  in  Fig.  3,  I'hite  I.     Each  of  tliiwe  bladen  carried  the  teeth  .so  M 

tcut  the  strata  in  two  irtepK.    This  m^w  tool  weightnl  alxtut  5,IHH>  kilo- 

orked  four  months,  and  requinil  fnH|«eiit  rt'])air».     The 

eof  progi-eas  per  day  waH  only  tV".!!.     It  was  then  di-eided  to  replace 

I  Uvpnn  by  a  more  inasaive  one,  weighing  8.'K«t  kilogramniet,  and 

>  in  diameter,  eonslructed  a«  nlio«ni  in  Fig.  4.  Plate  I.     With  this 

thi!  priigrew  was  inereiised  to  0"',.34  »  day.  thus  showing  a  second  time 

that  in  hai-d  nx-k  heavy  trepann  are  required. 

I,  The  diameter  of  the  pit  at  the  Ix-ginning  wa»2"'.56;  at  l.'W'"  depth  it 
•  rBdnccflto^i"*.*."*;  at  lo.'*"' depth  it  wasredneedtoS^.W;  from  l.V.m.OO 
Jl56".50  depth  it  was  rednw'd  t«  2™ -13;  fhtm  IM".50  to  l.W^.W)  rlepl^ 
Ipriifi  redncetl  to  2"' .25.  At  this  depth  the  little  pit  was  eontinued  for  » 
jrth  of  (wven  nietn-s.  and  a  cirt^ular  curb  of  On-.il)  was  Ilxed  lo  receivo 
t  hsHO  of  the  tubbing, 

Rie  work  of  sinking  this  air-shaft  lasted  about  twenty-eight  montha 
i  A  lialf.  The  centnd  pit  reipiirMl  3!t2  days,  including  Hi  day«  dunsf: 
iMi  work  WB-s  Hti»piie<l,  so  that  only  340  of  aetiuil  work  were  neeesaiury. 
I  tmUrgiiig  operations  to  n  diameter  of  2'".fiO  ocrupied  iii9  dajn 
pltiding  Uaj  days  of  no  work.  The  depth  of  the  central  pit  I 
i».70,  (ef|Unl  to  471. 4ti  feet,)  the  mean  pnigirss  for  each  < 
»l».lfi.  ^l^^  feel.)  itnri  the  etdargiug  to  2"<.40  gavt-  a  iloUy  | 
5rurudeplhori.t<l'".tH>. 
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The  expenses  of  boring  were  as  follows : 

Francs. 

Salaries  and  wages 55, 039. 81 

Fuel 12, 513. 11 

Oil  and  grease 2, 381.  71 

Ropes 2, 987.  20 

Iron,  steel,  and  rei)air8  to  tools 12, 530. 90 

Cartage  and  sundries 7, 500.  66 

ToUl 93,013.  39 

Tubbing. — Before  entering  upon  a  description  of  the  operation  of 
tubbing  the  air-shaft,  it  will  be  best  to  explain  the  system  adopted  by 
Messrs.  Kind  and  Chaudron. 

The  tubbing  of  the  pit«  is  accomplished  by  lowering  into  them  a 
metallic  cylinder,  which  finally  rests  upon  a  proper  seat  or  foundation, 
carefully  cut  for  it  at  the  bottom.  This  cylinder  is  made  smaller  than 
the  bore  of  the  pits,  and  the  space  between  the  cylinder  and  the  walls  is 
afterward  puddled  or  filled  in  with  concrete,  so  as  to  make  a  soli<i  con- 
tinuous lining.  "  The  metallic  cylinder  or  tubbing  is  formed  in  sections 
of  a  cylinder,  made  of  cast  iron,  and  provided  with  flanges  projecting 
inward,  by  which  they  are  securely  bolted  together.  (See  Figs.  5,  6,  7, 
and  8,  Plate  1.)  One  section  or  length  is  added  after  another  to  the  top 
as  the  whole  descends  in  the  i>it,  so  that  at  the  completion  of  the  work 
the  whole  pit  is  lined  with  iron  from  the  top  to  the  bottom.  The  outer 
surface  of  all  these  sections  of  the  cylinder  is  quite  smooth ;  but  in  the 
inside,  besides  the  flanges  tor  the  bolts,  there  are  horizontal  ribs  or  webs 
cast  with  each  segment,  and  intended  to  strengthen  them. 

The  thickness  of  the  tubbing  will  evidently  vary  with  the  diameter  of 
the  pits  and  that  of  the  different  segments,  according  to  their  position 
in  the  i)it.  Messrs.  Kind  and  Chaudron  determine  the  thickness  by  the 
following  formula : 

Kyi* 

E  represents?  the  thickness  of  the  tub,  K  the  radius,  and  P  the  pre-ssurt* 
expressed  in  kilogrannnes  ui)on  the  s(iuare.  The  flanges  for  Imlting  the 
rings  together  should  be  (carefully  faced  in  a  lathe,  and  exactly  at  right 
angles  with  the  perpendicular  of  the  shaft.  The  joint^s  are  made  tight 
by  a  packing  of  lead,  in  the  torin  of  a  ring.  0»".003  thick,  covering  all  the 
surface  of  the  flange,  so  that  after  the  bolts  are  tightened  there  will  be  a 
surplus  of  lead  along  the  j)oints  suitable  tor  calking.  The  first  attempts 
to  secure  a  tight  packing  for  the  joint  at  the  bottom  of  the  shaft  to  prevent 
the  entrance  of  wat(^r  at  the  lower  part  of  the  tubbing  were  unsuci'ess- 
ful,  but  the  diihculty  wa.s  iinally  overcome  by  the  use  of  what  is  now 
known  as  the  "moss-box."  This  (consists  of  an  attachment  to  the  lower 
end  of  the  tubbing  of  an  inner  tub,  or  cylinder,  provided  with  a  flange 
at  the  bottom  projecting  outward.    The  bottom  of  the  tubbing  is  also 
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proriilud  with  u  Hiiiigi-  project i it;;  uutwiinl  tuwnnt  tin;  wlv*  itf  tlio  )iit. 
Thes))H<«  betwwu  these  Iwii  liatiKPS  in  flllwi  with  apapkinnnr  wnii»|'i"« 
of  inos». — (See  Pig.  5,  Plal<i  1.)  Thin  mutts  in  swTirely  hcUl  in  its  iila^t  liy 
u  web  ur  iipt  drawn  tightly  iiniiiiK)  it.  Ttie  whulr,  itnOinliiig  thp  iiinor 
rylindfr,  is  suKiicudvil  by  iron  tie-riit!»,  which  piwent  itw  fulling  nut  (nna 
ihvbotlnm  nf  the  ttibliiiig,  but  whi«rh  do  not  iutt-rferewitli  fJicdcwtMitof 
till*  tnliltiiiji;  ii]iiiti  tlic  Mi(i!uwhen  the  lnwi>r  flan^  roavlies  and  rentK  in  thu 
M'ut  tirtthiiiihU'rt^^iit  in  Xh*-  r<N-l(  nt  thelMittnm  of  tli<>  pit.  At  this  tiiuc  the 
nholti  Wfipht  of  the  tiit>l>iiig  hrinji  tdtowpd  to  press  upnn  the  moHs  by 
means  of  the  upinT  tinnge,  it  is  eoTnpn'iwul  and  extended  niitwanl  Cord- 
lih'  ng»iiist  the  side  of  the  pit,  nnil  thus  furrur^  a  i-tniiplett;  iind  iHTfeetly 

iilerti^bt  joint.  lt«  offire  unA  operation  is  similjir  to  that  of  the  -'wpd. 
h»g*  n«ed  hj  the  boi^i-s  of  petiitlenm  wells  in  Pennsylvania.  The  ont- 
ww^  movement  of  the  moss  i.i  faeilititted  by  thin  Ketiiiients  of  she<'t  iron, 
.0115  tliiek,  so  pliM-i'd  III  tlK-  npper  and  lower  part*  of  the  moss  bo\,  at 
an  niii;le  ol' fifty  or  lifty  live  dejirees,  that  they  prest-nt  a  *]o\iiitii:  «nH'»w. 
UIMJB  irhieh  the  moss  slides  ontward  when  the  pn>ssnre  eommenwji. 

Tlie  ■^■THlion  of  h>weririg  the  tnblnnt;  into  its  place  iu  the  pit  tx  t-asily 
{icrfurmeil  by  tiienns  of  the  »iTangenient«  about  txi  !«>  described.  I'pon 
the  biwer  edge  of  the  hist  si'etion  but  one  of  the  eylinder  a  heiniMpbeiieiil- 
flhapei)  bottom  is  nTtaelied.  wbirh  eto«es  the  lower  end  of  the  enlnmn. 
The  attachment  to  the  tubbing  is  weurely  ma<lf  by  means  of  a  dauge 
hoUttl  to  HI)  annnliir  plate.— (See  Kig.  U,  t'late  1.)  This  hemispberieid 
bottom  plate  huH  a  central  ot)eii)iig  into  a  etiHt-iron  enlumn  rising  within 
the  tubtring.  TIaH  eoltuim  is  ealled  the  e(|uilibrinni  eobiaui,  and  hI  diS' 
|an(!es  of  from  seven  to  eight  metres  it  is  pieived  with  boicK  C".!)! 
iR  (Ifanicter,  for  the  piiri>os«-  of  admittiu^  water  to  the  inside  of  the 
n^bhii;  as  fast  an  the  latter  is  siinli  in  the  pit.  These  holes  are  eh>sed 
by  mxrw»,  and  as  the  tnbbing  is  lowered  inlti  the  pit  the  water  risen 
nnanii  it  tind  within  the  o]ien  eolnmn  in  the  center,  utitil  the  weight  of 
llip  wiiter  dispIiK-ed  is  eipial  to  the  weight  of  the  tnbhing,  thus  eansing 
the  whole  to  tloiit  in  the  pit.  iiy  removing  some  of  the  serews  e.lrming 
tJw^ Iralea,  water  u*  iMlmiltnl  to  tlie  interior,  and  the  eyiinder  is  made  lo 
•ink.  It  is  h>nnd  in  practice  that  it  is  best  to  allow  Hutfieient  water  to 
eat4*  In  give  n  weight  of  troin  twenty-five  to  thirty  tons  tn  the  tnltbing, 
nr,  in  ulher  woids,  to  permit  so  nuu-b  of  its  weight  to  he  snsiiejideil  from 
llir  Kurfiioe  an  to  iwfaii-e  its  vertiejil  gtosition  ami  Itit  ileseent  in  a  pru)M>r 
mauiier. 

The  apiniratiis  for  suspension  wnsists  of  fmir  uiiright  posta,  sustainJug 
■  plalfonu  tbi-ougb  which  the  MX  snspending  iron  rmU  pnas  and  aru 
t«minaled  in  long  m-n-ws.  This  platform  mast  be  strong  enough  to  kii» 
tain  a  weight  of  thirty  tons.  Ittt  hfight  alxtve  the  ground  muMl  lieeiiaal 
to  thai  of  the  four  lowest  seetionsof  the  eyiinder.  inebiililig  the  moMi-box. 
All  Uh-m*'.  logelher  willi  the  tirst  st-elionsof  Ibe  ej(tiillbriinn  folnnin,  an 
Ini  iililleil  tn'fnre  being  loweifd  intit  the  pit  Etu-b  iinR|M>u«h>ti  nidj 
tie  111  three  partii:  riral,  the  lower  iial,  the  lower  f«d  of 
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with  a  screw-thread,  for  the  reception  of  a  stop-uut  after  it  has  been 
passed  through  the  eye  of  a  flauge ;  second,  an  a(\jastiug  screw,  (the 
mininium  length  of  which  is  four  metres,)  placed  at  the  upper  part  of  the 
rod,  ui)on  which  a  nut  works  by  means  of  gearing  and  a  crank  on  the 
platform,  as  shown  in  Fig.  7,  Plate  I.  The  third  part  of  the  rods  con- 
sists of  the  intermediate  lengths,  each  four  metres  long,  and  coupled  to- 
gether like  the  boring  rods.    These  are  added  as  the  tubbing  descends. 

The  connecting  flange  at  the  bottom  of  the  tubbing,  through  which 
these  suspending  rods  pass,  is  composed  of  six  segments,  bolted  together 
and  to  the  collar  of  the  third  section  of  the  tubbing.  Its  ibrm  is  shown 
by  Fig.  8.    It  has  six  eyes  to  receive  the  suspending  rods. 

After  this  connecting  flange  has  been  bolted  to  the  tubbing  and  the 
moss-box,  the  hemispherical  bottom  and  the  four  lowest  sections  are 
placed  under  the  platform,  and  directly  over  the  mouth  of  the  pit ;  the 
adjusting  screws  are  united  to  the  connecting  flange  by  intermediate 
rods,  and  the  whole  apparatus  is  brought  into  suspension  by  means  of 
the  nuts  on  the  top  of  the  scaffolding.  Two  workmen  are  placed  at  each 
screw,  and  by  turning  the  nuts  this  first  portion  of  the  tubbing  descends 
into  the  pit.  After  it  has  been  lowered  four  metres,  (the  length  of  the 
screw  on  the  rods,)  the  tubbing  is  susi)ended  to  beams  resting  across 
the  mouth  of  the  pit  by  means  of  holding-hooks  catching  upon  the 
shoulders  of  the  suspending  rods,  as  in  the  case  of  boring  apparatus. 
The  screws  are  then  detached  and  are  raised  by  means  of  the  nuts,  so  as 
to  leave  a  distance  of  four  metres  between  their  lower  ends  and  the  rods 
below.  A  new  set  of  intermediate  rods  is  then  added,  the  suspending 
hooks  are  removed,  the  tubbing  again  rests  upon  the  screws  above,  and 
the  lowering  is  proceeded  with  as  before.  This  operation  is  repeated  until 
the  tubbing  floats  in  the  water  of  the  pit  It  is  then  made  fast  as  before, 
by  the  suspension  rods,  to  the  l>eams  at  the  mouth  of  the  pit.  The 
screws  are  raised  to  a  height  of  four  metres,  and  then  the  next  sec*.tion  to 
be  added  is  brought  forward  and  placed  on  beams  over  the  pit.  Fresh 
intermediate  rods  are  then  added  through  this  new  section  to  the  rods 
below,  and  the  suspen<ling  hooks  are  removed.  The  new  section  is  then 
raised  a  little  by  means  of  the  capstan,  so  ivs  to  i)ermit  the  removal  of 
the  beams  ujk)!!  which  it  rested.  It  is  then  lowered  by  means  of  the 
capstan  into  the  pit,  until  it  rests  upon  the  top  of  the  tubbing  below. 
The  joint  is  then  made,  and  the  adjusting  screws  are  worked  to  effect  a 
farther  descent  of  the  whole  tubbing. 

When  in  this  manner  all  the  sections  have  been  united,  and  the  me- 
tallic lining  is  ui)on  the  i)oint  of  reaching  the  bottom  of  the  pit,  the  rim 
of  roek  or  seat  ni>on  whi(*li  the  flange  of  the  moss-box  is  to  rest  requires 
to  be  (^leaned.  This  oi)eration  is  eftecte<l  by  lowering  through  the  equi- 
librium column  a  tool  represented  by  Fig.  9,  which  scrapes  the  bottom 
of  the  pit  and  throws  into  the  central  pit  any  fragments  of  rock  or  aceo- 
mulations  of  earth  which  rest  upon  the  foundation.  The  lowering  is  then 
oontiuued  until  the  lower  flange  of  the  moss-box  rests  gently  upon  the 
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of  roi'Ic.  llif  nei];lil  of  Dw  hibliiiig  liifMtw*eit  ttlowly  an  tlie  wsbr 
eiitFrH  tiin'iigh  tlit^  hotcM  ol'  tliv  eijiiililiriiiiii  ('■oliimn;  the  iiiosM-box  iit 
Mtium'tied,  tiw  ruutw  is  fi|wii<kHl  umi  (x>iiiitr(«i4H]  <itf»iii><t  the  itliW  nf  the 
pit  and  iH^cumt^s  p<.>rti-U]j  Ughl  vht'u  ttie  vrL-ielit  t>f  tlu-  tubliiii^  n-ntn  ii|)on 
At  tbis  moment  th«  tnbbiiif;  mu^  nut  be  abuudonod  tu  itwll',  or  it 
iudine  to  one  side  It  is  therefurp  set-ured  can'fully  at  the  top  bj- 
L-«  or  lour  l>oaiu8  tixcd  iipf)n  tlie  Itwl  section.  Tlw  |m<ldbnt;  or  con- 
eretin);  vau  tUcu  bi-  |int(.(wdMl  with,  and  the  Kiniiicuiiiiiu  rods  eaa  b<> 
removt'd. 

Ti'HBinu  PIT  No.  I. — The  followjni;  un^  tht  dt<t)iilH  of  the  o)H>r»tioii  or 
.Jiliing  llm  air  Mhiift,  nr  No.  1 :  The  tubbing  wiih  com{»oiH-d  of  Hcvt-ul.v  i*CC- 
I,  eauih  two  mutrpH  hi;;li,  and  I". 80  in  diameter  iuiudv  uf  ttit^  DtiDp^x. 
tliifkneNH  of  the  c>']in<liii!)U  pait  was  aa  tbUowo:  ««.IM(!  {IjJ  inuh| 
tbe  »ectioii8  of  tii«  lower  jiart;  (>"'.II4^  for  iJie  tt^a  Hiu»^-ndiii|;,  and 
Hiw.emi\-el.v  if'.iUti,  (>»'.aiT.  1I<".(KM,  ll-.Wtl,  and  D'-AfJU. 

uf  the  Diidiuiiii  was  provided  with  twu  iiitenial  fltui]L(t<ii  O".!); 
Mill  (>»J)3  tluL-k.    Tbi'rt!  were  in  addition  two  littJt  ribs  U-.U4  t4iick 
M'Jj  deep.    Thene  were  (;atit  at  equal  distaiK^ea  between  the 
igva.     The  tliuigeM  hiid  twenty -eight  holes  for  iHiltA,  each  Ok.03  iti 
anil  ()™4;i  a|Mrt,    The  entii-e  tubhint;  weighed  2.jS  tona,  in- 
itio Che  boltA.     it  was  funiiidiml  by  the  Poiireluunliautt  workis. 
Tbti  miKM-lmx  cylinder  wa^  eaat  witliunt  any  tlange  at  its  htwer  part, 
as  oak  ring  wax  Utted  tu  it  to  form  the  ba^e.     Thi*  width  of  tbis  Itox 
V.I  T.j,  it«  height  I'".ti(l,  ivprewnting  a  capacity  of  l,Sti'l  etibie  eenti- 
itrea,    The  preiwuire  of  the  tubbing  ujwn  the  iuimm  reduceil  it  to  otie- 
laxth  uf  itft  I'urmer  rulume. 

The  lowering  of  the  tabbing  waa  eO'M-ted  withmit  the  leatd  diffii-iilt.c ; 
the  tweJve  flr»t  tM-ctJous  tt>ok  about  Ulteen  dayx,  but  the  ojwration  whs 
atterwiuil  acc4-Ierat4ul  and  two  wvtiorut  wew  ailded  diuly.  Ih'fore  the 
iHhlilJoii  wf  the  thirtieth  W4-tiuii  Die  tiibltliig  wiw  heavier  lliitn  the  water 
dinpbii-e«l;  it  wait  allerwurti  weeHiMry  to  iutrodnee  water  lo  the  iiilenor 
by  the  <^»|iiilil)nuni  ejjiiuiiii.  Wheji  the  nttwui-ltox  n^ached  the  roek.i  foiin- 
ioD  llic  eotuimvtMiou  of  the  ruiMWi  eotonieJieMl,  and  Ibe  equillbrinm 
uun  nuuritaiued  its  u[irighl  puaitiou.  The  tubbing  was  then  allowed 
:ll  with  watex  for  two  dayv,  iu  onler  to  gnuluidly  obtaiu  t)u>  uiaxiuiuui 
jireJMion  of  the  mosec 

duHC4>ii]  ul'  ihiM  Cubbing  hi»ic<d  ti>rly  dayA,  and  the  ex]>ej)ae  aneud  - 
tlte  upcriLtiou  wa*  lut  follows: 

It  of  mctiau» CO,  4:!t».  )M 

llbrjoiuta 1,(M(."».«0 

1,J4U.1W 
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Fraucg. 

Salary  and  wages 3, 447. 82 

Fuel  burned 1, 37.">.  2."i 

Oil  and  grease 25S.  (;:; 

Sundries 3, 56G.  S(> 

Total 78, 577.  .W 


CoNCRETiNa  PIT  No.  1. — It  bas  been  nbowu  Ibat  the  met^illic  column 
wbicb  forms  the  tubbing  can  be  maintained  perfectly  tight  throughout  it« 
entire  height,  provided  the  joints  are  carefully  made.  At  the  bottom  the 
moss-box,  resting  on  impermeable  soil,  is  intended  to  cutoff  all  communi- 
cation between  the  upper  water-level  and  the  pit  to  be  sunk  below.  Not- 
withstanding all  these  precautions,  it  is  indispensable,  in  order  to  insure  a 
permanent  impermeability  of  all  the  joints,  to  make  a  complete  concreting 
around  the  entire  height  of  the  tubbing,  within  the  annular  8pa<?e  left  be- 
tween the  soil  and  the  tubbing  itself.  The  expense  of  concreting  pit  No.  1 
wa«  relatively  of  small  amount.  The  work  lasted  twenty-five  days.  Three 
sets  of  workmen  were  employed,  working  three  spoons  of  a  mean  capacity 
of  three  hectolitres.  Each  set  was  composed  of  six  men — two  for  work- 
ing the  windlass,  to  which  the  spoon  was  attached  by  a  rope;  two  for 
working  the  windlass  for  the  piston-rope;  and,  laistly,  two  on  the  work- 
ing stage  to  fill  the  three  spoons  as  they  were  raised  from  the  pit.  The 
mortar  was  brought,  in  a  case,  upon  the  working  stage  by  the  capstan. 

The  spoon  for  concreting  (Fig.  10)  was  made  of  two  sheets  of  iron 
united  on  two  wooden  uprights.  It  is  jxrovided  at  its  upper  part  with  a 
piston,  which  forms  part  of  a  movable  bottom  placed  at  it^  lower  part. 
By  pushing  the  piston  the  bottom  is  expelled  and  the  mortar  filling  the 
case  falls  out.  The  concrete  used  had  the  following  composition :  Vassy 
or  Eiippe  cement,  (Haute  Saone,)  one-fourth ;  hyckaulic  lime,  one-fourth; 
sand,  one-fourth ;  and  powdered  trass,  one-fourth. 

The  si)ace  to  bi»  tilled  around  the  tubbing  was  about  236  cubic  metres, 
neglecting  the  fissures  of  the  soil;  284  cubic  metres  of  materials  were 
employed.  The  concrete  was  allowtnl  to  hanlen  for  one  month.  Lastly, 
the  water  was  puntped  out,  and  the  false  bottom  of  the  tubbiug  and  the 
equilibrium  column  were  taken  apart  and  remove<l.  The  moss  box  was 
found  to  be  in  good  order  and  i)erfectly  water-tight. 

The  exp^Mise  for  the  concreting  was  as  follows:  Fthuch. 

Salary  and  wages 4, 440. 43 

Cement 1,396.33 

Trass 1,321).  50 

Lime 1, 586. 00 

Fuel  buMied 599.11 

Oil  and  grease 178. 05 

Sundries 2,281.  78 

Total 11,811.20 
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A  coffer-dam  is  sometimes  inserted  at  the  base  of  the  tabbing.  Tliis 
operation  is  not  indispensable,  bat  increases  the  solidity  of  the  base  of 
the  tabbing.  It  consisted  in  placing  at  two  metres  below  the  moss-box 
two  coffer-dams  of  cast-iron,  0™.25  high  each,  and  bolted  together;  then 
a  cylinder  1°>.60  high.  It  was  formed  of  six  pieces,  bolted  vertically, 
which  were  united  on  the  one  part  to  the  coffer-dams  and  on  the  other 
part  to  the  bottom  of  the  moss-box,  where  a  little  horizontal  packing  was 
necessary  for  the  adjustment. 

The  expenses  of  packing  can  be  estimated  as  follows: 

Francs. 

Cost  of  false  tubbing 2,347. 20 

Salary  and  wages 2, 179.  23 

Fuel  burned 897. 20 

Oil  and  grease 146.  75 

Sundries 439. 10 

Total 6, 009.  49 


Fig.  11  represents  the  two  coffer-dams  and  the  adjusting  cylinder. 

To  sum  up,  the  entire  cost  of  sinking  through  watered  strata  to  a 
depth  of  140  metres,  the  internal  diameter  of  the  pit  being  1™.80, 
amounted  to  256,041.16  francs,  divided  thus : 

Francs. 

Preliminary  works 66, 629. 56 

Sinking  the  pit 93, 013. 39 

Tubbing 78, 577.  53 

Concreting 11, 811.  20 

Packing 6, 009. 59 

Total 255, 041.  27 

Which  gives  an  expense  of  1,600  francs  per  running  metre. 

MAIN  SHAFT  No.  2. 

The  information  which  we  have  furnished  upon  the  construction  of  the 
air-shaft  applies  to  the  pit  No.  2.  It  will  suffice  to  mention  the  modifi- 
cations in  this  second  piece  of  work. 

The  tower  for  sinking  the  winze  of  the  main  shaft  was  built  in  masonry, 
and  was  intended  to  serve  subsequently  as  the  building  for  extraction. 

The  capstan  was  of  the  same  size  as  the  one  employed  for  shaft  No.  1 ; 
yet  it  became  evident  that,  notwithstanding  the  exaggerated  dimensions 
of  the  large  gearing  in  this  machine,  it  was  still  too  weak ;  it  broke  at 
the  boss,  and  the  repairs  occasioned  a  loss  of  two  days. 

The  rope  was  0°>.30  broad  hf  O^^.OO  in  thickness,  corresponding 

with  a  practical  resistance  of  Bqhteen  tons.    Notwithstanding  these 

dimensions,  it  was   neoessaiy  lo   replace   it   after  working   eleven 

montbs.     One  year  later  a  alcypage  of  two  days  was  necessary  for 

2m 
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repairs  to  the  new  rope  5  and  toward  the  end  of  the  work  its  rupture 
ai)peared  so  threatening  that  another  stoppage  of  sixteen  days  was 
required  to  put  it  in  good  working  order.  The  jumper  piston  was 
Q™.70  in  diameter.  Several  accidents  occurred  with  the  machine. 
In  the  first  place,  it  became  necessary  to  change  a  segment  and  two 
springs  broken  in  the  piston,  which  caused  a  stoppage  of  six  days ;  at 
a  later  period  the  piston-rod  broke,  and  one  month  later  one  of  the 
piston-rod  guides  also  gave  way  5  these  different  accidents  necessitated 
a  stoppage  of  eight  days. 

The  donkey-engine  was  common  to  the  two  engines  of  shafts  Nos.  1 
and  2.  We  have  already  mentioned  that  a  duplicate  engine  was  neces- 
sary to  insure  regularity  in  the  sinking. 

The  preliminary  works  .were  commenced  in'  September,  1863;  they 
lasted  nine  months,  and  the  expenses  attending  them  may  be  thus  dis- 
tributed : 

Frftncs. 

Building 46, 702. 47 

Machines  and  tools 67, 869. 30 

Total 104,671.  77 


Tools  fob  boring. — ^The  boring  tools  (Fig.  1)  and  the  first  enlarging 
tool  of  the  shaft  No.  1,  which  we  have  previously  described,  were  again 
employed  for  boring  the  main  shaft;  but  to  reach  the  diameter  of  4™.10 
a  third  tool  was  used,  the  blade  of  which  was  3™.95  wide,  and  with  the 
teeth  4™.10.    On  account  of  these  dimensions,  they  were  obliged  to  make 
it  of  five  pieces,  united  by  bolts  and  keys.    That  part  which  contains 
the  teeth  was  attached  to  the  three  arms  united  to  a  central  rod  adapted 
to  the  apparatus  to  which  the  boring  tool  is  suspended.    It  was  soon 
proved  that  the  apparatus  weighing  eight  tons  was  too  light,  and  two 
additional  blades  had  to  be  attached  to  it  in  order  to  augment  its  weight. 
One  only  of  these  blades  was  provided  with  teeth.    The  weight  of  the 
tool  with  these  two  additional  blades  reached  about  ten  tons,  but  it 
proved  still  too  light,  and  the  one  represented  by  Fig.  12,  weighing  four- 
teen tons,  was  used;  and  this  weight  was  considered  necessary  in  order 
to  produce  the  best  eflFect  on  hard  rocks. 

The  work  of  sinking  with  the  boring  tools  was  preceded  by  the  con- 
struction of  a  preliminary  shaft  21  metres  deep,  lined  with  masonry, 
having  a  diameter  of  6i^.60  up  to  the  working  stage,  at  five  metres  ttfm 
the  ground,  and  for  4".60  at  the  lower  part. 

The  boring  operations  were  divided  into  two  periods.  The  first  com* 
menced  on  the  9th  of  June,  1864;  and  on  the  18th  of  September,  1866, 
the  central  shaft  had  attained  a  depth  of  148°^.03  with  the  smf^  forked 
trepan,  (Fig.  1.)    The  daily  progress  varied  from  0^.89  to  0^^. 

The  enlargement  was  immediately  made  to  4«  J.0  with  the  large  two- 
bladed  trepan,  and  at  that  period  (September  18, 1865)  it  reaobed  m- 
deptii  of  121B.08. 
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e  flmt  period  lastcii  44SJ  days.  Tlie  working  of  the  tunall  trepan 
9  uiily  stopped  one  diiy,  and  that  of  tlie  larger  22^  days;  and  it  must 
^ rBiuviulK'ntl  lliiit  the  siiuill  trepiui  haA  a\rviu\y  lijivci-seil  liard  struta. 
e  seL-ond  part  of  ttie  ujioratioii  wiu!  nioix^  <lif1ic-tilt,  uu  Ht?coiiiit  of  the 
a  of  the  rocks.  I'lie  large  Irepaii  was  too  ligUt,\vhilc  it  could  uot 
i  reaaanably  augmented  on  account  of  the  weakn(»is  of  the  macliines 
Ijtt  worked  it. 
i.'Tt  was  di-eided  to  boro  the  large  ahafi  by  three  euccessive  opemLioDS. 
A  central  hole,  l*".^?,  \r-M  Hrst  bored  with  the  huuiU  trepan,  (Kig.  2;)  It 
wsi»  then  enlarged  to  a" .50  witJi  the  ina»Hivo  trepan,  (Fig.  4 ;}  bo  that 
there  only  remained  for  removal  by  the  largo  tool  an  auuiilar  surface  of 
about  0».75. 

The  ceutral  shaft  reached  in  this  second  period  of  42  days,  without 
stoppage,  a  depth  of  170»,85:  the  mean  daily  progi^ss  was  ^•"SA. 
The  enlargement  to  2'".IHi  rwiuired  103j  days,  iueliiditig  18J  ilays' 
Rtoppage,  to  reach  a  depth  of  1(>4'".08;  the  daily  progress  averaged 
0™.38.  With  the  large  trepiui,  iu  order  to  increase  the  dejith  Iroin 
lilo'.OS  t«  15f>'".'28 — that  is  to  say,  to  enlarge  to  4'".10  for  a  total  height 
of  3»'".2() — 216  days  were  required,  including  43  days  of  stoppage;  the 
daily  progress,  therefore,  was  only  0".22. 

XotnithHtanding  the  small  amount  of  labor  to  be  jwrformed  by  the 
Ifirge  trepan,  the  accidents  which  cKiMirred  proved  that  the  strength  of 
the  blade^  of  the  arms  of  the  holding  l»olta,  as  well  as  the  teeth,  was 
IDcient  to  aet  with  effect  against  the  red  sandstone. 
?he  bottom  of  the  shaft  on  which  the  moss-box  was  pla<'ed  waa  159 
s  below  the  surface,  and  the  hibor  lasted  twenty-nine  months  and 
The  es]>en»es  atteudtug  this  oiieration  were  divided  as  follows : 


r  and  wages 72, 73«.  51 

■iiel  bunied 27, 5LM.  60 

<  )il  and  grease 4,  "20.  49 

Itiijws 3,  tWJL  55 

Xrou,  steel,  and  repairing  tools Ifi,  4fl£».  83 

Snudries IH,  WW.  50 

Total 141,  «5W.  ai 


iBmo  sHAiT  No.  2.— The  tubbing  of  tWs  shaft  waa  formed  of  9i 

]  sections,  3'".40  minimum  diameter  at  the  flangea.   The  height 

B  first  Hci'tion  was  1".75,  and  that  of  the  othei-a  l™..'iO.   The  daugea 

B  0".(M  thick  and  0°'.08  wide  on  the  inside  of  the  cylinder.    Between 

t  tiaagv*  there  are  two  little  horiumtal  etdlars  0".IKL  high  and  )>>".l>4 

tp,  which  were  pliicinl  at  upml  distances  apart.   The  general  thickncsH 

iie  cylindrical  part  was  O-n.OCO  for  the  14  lower  sections,  0".05.j  for  the 

[,  and  Ruej^esflivpJy  U'-.tWa,  O^-OiS,  O'o.HU,  0".04U,  0",038, 0".03a, 
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The  shoulders  or  joints  were  fiEiced  perpendicularly  with  the  axis,  so 
as  to  make  perfectly  parallel  surfaces.  These  sections,  adjusted  and 
placed  one  on  the  other,  make  a  cylinder  141  metres  high.  Each  flange 
has  50  equidistant  holes  0™.03  in  diameter,  drilled  in  the  center  of  the 
flange. 

In  order  to  do  away  with  the  use  of  the  wooden  shoe  which  had  been 
fixed  to  the  bottom  of  the  moss-box  in  shaft  No.  1,  an  outer  flange  was 
cast  with  the  piece,  which  is  much  stronger.  The  mossbox  is  1"».75 
high  J  consequently  the  packing  during  the  descent  of  the  column  was 
1™.54  high  by  0™.17  wide,  representing  a  capacity  of  three  cubic  metres. 

The  cast-iron  equilibrium  bottom  was  made  of  one  piece,  the  maximum 
diameter  of  which  at  the  flange  is  3™.36,  which  admitted  of  its  passing 
inside  the  tubbing.  This  false  bottom  was  bolted  on  an  a<ljustment  ring, 
as  shown  in  Fig.  6.  The  same  equilibrium  column  was  employed  ad  for 
shaft  No.  1. 

The  castings  for  this  shaft  were  made  of  refined  iron  manufactured  at 
Hayanges,  in  the  works  of  jVIr.  De  Wendel.  The  cylinders  were  tried  at 
a  pressure  of  28  atmospheres  for  the  largest,  of  24  for  the  second  series, 
and  successively  21, 18, 15, 12,  9,  6,  3  atmospheres  for  the  parts  com 
posing  the  following  series.  The  entire  metallic  column  weighed  about 
635  tons,  including  the  bolts  and  other  accessories. 

The  lowering  of  the  column  was  conducted  in  a  similar  manner  to  the 
one  mentioned  for  the  shaft  No.  1.  The  moss-box  having  touched  the 
bottom,  the  column  descended  regularly,  compressing  the  moss,  which 
was  reduced  to  0°».15  thickness — about  one-tenth  of  its  primitive  volume. 
The  weight  of  the  tubbing  exerted  a  pressure  of  32  kilogrammes  on  the 
square  centimetre.  On  the  29th  of  December,  1806,  all  the  parts  of  the 
tubbing  were  ready  for  lowering,  and  on  the  16th  of  February,  1867,  the 
moss-box  came  in  contact  with  the  sole  of  the  pit. 
Thus,  this  work  was  effected  in  fifty  days.    The  expense  was : 

FranoM. 
Price  of  sections 138, 494. 34 

Lead  for  joints 3, 601. 10 

Bolts,  &c 4, 915. 20 

Red  lead 126. 40 

Tar  for  painting 443.  go 

Netting 25. 00 

Moss 40. 00 

Wood 1,461.05 

Salary  and  wages 8, 456. 44 

Fuel  burned 3, 357. 45 

Oil  and  grease 754. 40 

Various  expenditures 7, 544. 79 

Total 169,220.07 
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Concreting  and  packing  shaft  No.  2. — ^The  operation  of  laying 
the  concrete  in  this  shaft  was  exactly  the  same  as  for  shaft  No.  1,  except 
that  four  spoons  were  used.  The  concrete  was  composed  of  the  same 
materials.  The  operation  commenced  on  the  1st  of  March,  1867,  was 
finished  on  the  6th  of  April  following,  and  cost  15,000  francs. 

The  oi)eration  of  packing  was  effected  in  the  same  manner  as  for  the 
shaft  No.  1,  with  this  difference,  that  the  adjusting  cylinder  placed 
between  the  coffer-dams  and  the  moss-box  was  two  metres  high.  The 
cost  of  this  labor  was  estimated  at  10,000  francs. 

From  what  has  been  described,  the  cost  of  the  shaft  No.  2  can  be 
estimated  as  follows : 

Francs. 

Preliminary  works 104, 571.  77 

Boring  the  shaft 141,659.31 

Piping 169, 220. 07 

Concreting 15, 000. 00 

Packing 10, 000. 00 

Total 440, 451. 15 

or  at  the  rate  of  3,100  francs  per  rnnning  metre. 

The  preliminary  works  commenced  in  September,  1863,  and  on  the  6th 
of  April  the  concreting  was  finished ;  the  work  lasted  three  years  and  a 
half. 

BORING  APPARATUS. 

The  slide  or  jar  represented  by  Pigs.  21  and  22,  Plate  I,  is  one  of  the 
important  parts  of  the  boring  apparatus,  since  without  it  it  would  be 
scarcely  possible  to  strike  a  blow  with  the  trepan  without  breaking  the 
rods. 

The  boring  rods  in  the  operations  described  were  eighteen  metres 
long  and  eighteen  square  centimetres  in  section.  Their  dimensions  were 
increased  in  order  to  sustain  the  great  shocks  to  which  they  were  exposed. 

The  dredging  spoon  which  was  used  for  the  removal  of  the  debris  is 
represented  by  Fig.  15.  It  was  formed  of  a  sheet-iron  cylinder  one 
metre  in  diameter  and  two  metres  high,  with  two  valves  at  the  bottom 
to  facilitate  emptying  the  mud  when  raised  to  the  mouth  of  the  pit.  Its 
constniction,  it  will  be  seen,  is  similar  to  the  sand-pump  used  in  boring 
petroleum  wells,  but  it  was  much  broader  and  shorter.  Its  capacity  was 
about  1™.50;  consequently  it  would  contain  from  three  to  four  tons  of 
debris,  and  this  amount  would  be  extracted  at  each  elevation.  It  was 
80  suspended,  a  little  above  the  center  of  gravity,  that  it  could  be  over- 
turned by  a  slight  effort  after  removing  a  key  which  secured  it  in  its 
vertical  position  while  in  the  shaft.  The  hoisting  was  done  by  means  of 
the  capstan,  a  rope  being  used. 

Boring  tools  used  at  H6pitai-.— The  hook  represented  Iby  Fii» 
16  was  used  most  when  the  boring  rods  were  broken.    Its 


» 
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form  permits  it  to  hook  the  rods  which  may  be  standing  obliqnely 
against  the  sides  of  the  pit  after  a  fracture.  By  turning  the  hook  they 
are  made  to  assume  a  vertical  position,  and  are  caught  below  the  shoulder, 
and  are  brought  into  the  narrow  part  of  the  hook,  so  that  they  can  be 
raised.  The  pincers,  la  faucMrCj  (Fig.  17,)  are  for  a  similar  purpose, 
and  are  adapted  to  seizing  and  raising  rods  that  may  have  been  broken 
immediately  below  the  shoulder.  The  lower  part  is  an  annular  shoe,  or 
disk-shaped  ring,  which  limits  the  separation  of  two  blades  or  jaws 
pitted  with  sharp  teeth  on  their  inner  surfaces.  When  this  tool  is  used 
these  jaws  are  kept  open  by  a  block  of  wood ;  but  when  it  is  brought 
over  the  rod  or  object  to  be  seized  the  block  is  displaced  by  the  end  of 
the  latter,  and  the  jaws  then  close  tightly  upon  the  rod  and  hold  it  while 
it  is  raised  out  of  the  pit. 

The  grasping  hook  (Pig.  18)  was  used  with  advantage  to  raise  masses 
of  iron  or  steel^and  the  teeth  of  the  trepan  which  became  detached  or 
broken  during  the  work.  It  has  two  arms  jointed  like  a  parallelogram, 
on  the  ends  of  which  the  grasping  hooks  are  placed.  The  rods  which 
form  the  slide  are  loaded  with  a  weight,  placed  as  required  on  the  cross- 
bar a  a,  and  it  is  this  load  which  produces  the  friction  on  the  bottom. 
The  rods  are  raised  by  means  of  a  rope,  the  extremity  of  which  is  held 
at  the  surface.  This  tool  is  closed  while  it  is  suspended  to  the  boring 
rod  and  while  the  load  bears  on  the  cross-bar  a  a;  when  it  is  lowered 
the  load  is  raised  by  means  of  the  rope,  the  boring  rods  are  pushed 
down,  and  this  causes  the  gi^asping  irons  to  oi)en.  If  at  this  moment 
the  load  is  again  placed  on  the  cross-bar  a  a,  and  if,  on  the  other  hand, 
the  boring  rods  are  gently  drawn  up,  the  grasping  hooks  close  and  scrape 
the  bottom,  retaining  tightly  between  them  any  hard  object  that  they 
encounter. 

The  stoppages  and  accidents  which  arose  from  the  trepans  employed 
at  the  works  of  L'Hdpital,  as  well  as  those  which  occurred  from  the  use 
of  instruments  too  weak  to  resist  the  shocks,  and  the  frequent  repairs 
of  the  slide,  led  Mr.  Kind  to  modify  the  construction  of  his  trepans.  He 
exhibited  a  model  of  a  new  description  of  tool,  with  which  the  fall  is 
unimpeded,  and  which  we  will  now  briefly  describe. 

The  figure  of  the  trepan  (Fig.  19)  shows  that  the  teeth-holder,  instead 
of  having  a  smooth  surface  at  its  base,  is  graduated  in  steps,  so  as  to 
cut  the  earth  and  rock  in  steps  inclining  toward  the  center  of  the  pit. 
A  guide  fixed  by  four  bolts  to  the  teeth-holder  enters  the  central  shaft 
and  causes  the  enlarging  tool  to  remain  perfectly  vertical. 

Three  vertical  arms  or  standards  connect  the  teeth-holder  with  a 
double  cross-bar  placed  at  the  upper  part  of  the  tool.  Two  oak  bars  are 
fixed  to  the  arms  and  the  cross-bar,  and  serve  as  guides  for  the  tool  at  its 
upper  part.  The  middle  standard,  or  central  shaft,  is  made  long  enough 
to  be  connected  by  keys  and  j)lates  to  the  apparatus  above,  designed  to 
give  the  unimpeded  fall  to  the  trepan. 

This  apparatus  for  unimpeded  or  free  £eJl  is  operated  in  the  following 
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manner :  When  the  entire  apparatus  is  raised  the  water  of  the  shaft 
bears  on  the  disk  dj  and  the  carriers  e  e  are  tightened  under  the  blocks 
b  by  which  allows  of  the  trepan  being  removed.  During  the  descent. the 
water  opposes  resistance  to  the  disk,  the  carriers  e  e  separate  themselves 
by  the  action  of  the  rods,  and  the  trepan  falls  freely.  When  the  trepan 
has  to  be  raised,  the  wedges  g  ^,  which  rise  in  contact  with  the  blocks, 
allow  of  the  entire  apparatus  being  raised. 

This  new  description  of  trepan  led  Mr.  Kind  to  believe  that  he  might 
make  use  of  the  dredging  tool  represented  at  Fig.  20.  This  is  a  cylin- 
drical tub  or  vessel,  intended  to  receive  the  debris  while  the  central  shaft 
is  being  enlarged.  It  is  slightly  conical  and  provided  with  four  arms 
which  expand  like  a  parachute  and  sweep  around  the  top  and  sides  of 
the  smaller  pit.  The  rock,  crushed  by  the  larger  trepan  sliding  on  the 
inclined  bottom,  falls  into  this  vessel,  and  the  broken  teeth  follow  the 
same  direction  and  no  longer  form  an  impediment  to  the  work.  This 
device  is  a  very  ingenious  one,  but  experience  must,  however,  decide 
whether  this  kind  of  spoon  will  meet  Mr.  Kindts  expectations. 

CONCLUSION. 

The  successful  boring  of  the  Hdpital  shafts  leaves  no  room  to  doubt 
the  advantages  of  the  system  of  boring  A  niveau  plein;  and  we  recap- 
itulate these  advantages  a^  follows : 

1.  Complete  insulation  of  the  watered  strata^  by  means  of  the  water-tight 
tubbing. 

2.  Great  strength  of  the  linitig  of  the  shaft. — It  is  evident  that  the  annu- 
lar circular  tubbings  are  stronger  than  the  segmental.  The  following 
experiment  made  at  Fourchambault  will  giv^e  an  idea  of  the  resistance 
which  this  cylindrical  tubbing  offers:  A  section  1".80  in  diameter 
inside  the  flanges  and  0™.025  thick  was  submitted  to  an  external  pres- 
sure of  37  atmospheres;  it  resisted  perfectly,  while  the  pipe  enveloping 
it,  which  was  0"».065  thick  besides  the  rims  inside,  broke  from  the  inter- 
nal pressure.  On  the  other  hand,  the  pumping  of  the  water  which 
arises  in  tlie  method  called  a  niveau  platy  produces  excavations  varying 
in  size.  The  slides  and  broken  strata  which  follow,  besides  being  dan- 
gerous in  future  working,  often  produce  disastrous  effects  on  the  sides 
of  the  shafts. 

3.  Considerable  reduction  of  expense. — In  every  case  where  water-bearing 
strata  have  to  be  traversed,  the  economy  cannot  be  contested ;  thus,  the 
two  shafts  at  the  H6pital  have  not  cost  700,000  francs,  while  those  of 
Carling,  Merleback,  and  Stiring,  in  the  same  department,  each  cost  sev- 
eral millions. 

4.  Economy  of  time. — ^We  have  shown  that,  notwithstanding  stoppages 
in  the  main  shaft,  the  boring  was  effected  in  twenty-nine  and  a  half 
months,  and  the  lowering  of  the  tubbing  in  four  and  a  half  months.  It 
is  to  be  expected  that  future  works  will  be  executed  more  rapidly  than 
the  fiyrst. 
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5.  Possibility  of  traversing  all  hinds  of  strata^  of  whatever  thickness  or 
description. — Boriug  operations  at  great  depths  are  very  limited.  Draw- 
ing off  the  water  and  making  water-tight  tubbing  offer  nearly  insur- 
mountable difficulties,  particularly  so  in  traversing  the  sands  of  shifting 
soils.  The  extraction  of  the  water  itself  becomes  an  insurmountable 
obstacle,  irrespective  of  the  means  at  the  disposal  of  the  miner.  Un- 
doubtedly the  boring  it  niveau  plein  at  large  diameters  will  necessi- 
tate great  precaution,  but  the  results  obtained  at  Bessaix  in  1862  and 
1863,  in  traversing,  with  a  diameter  of  3™.65,  a  stratum  of  shifting  soil 
eight  metres  thick,  tend  to  show  that  the  difficulties  of  this  kind  of  work 
are  not  as  great  as  they  appear. 

II.— SINKING  AND  BOEING  AETESIAN  WELLS. 

The  apparatus  exhibited  by  the  houses  of  Degous^e  and  Ch.  Laurent 
and  by  Messrs.  Dm  Brothers  is  designed  chiefly  for  sinking  artesian 
wells  of  large  diameter,  but  is  equally  applicable  to  sinking  shafts  oi 
large  section. 

The  apparatus,  doubtless,  does  not  present,  for  the  most  part,  the 
interest  of  a  new  invention ;  but  in  examining  the  details  of  its  construc- 
tion, it  is  easy  to  see  that  the  novel  and  diversified  condition  in  which 
the  sinkings  have  been  executed,  and  the  unforeseen  accidents  which 
these  have  produced,  have  been  studied  with  great  care  and  intelligence 
by  these  able  engineers,  and  that  all  the  teachings  of  practice  have  been 
profited  by  and  have  led  to  many  important  modifications  and  simplifi- 
cation of  the  forms  of  the  tools. 

We  have  already  stated,  in  describing  the  method  of  sinking  A  niveau 
plein,  (sinking  a  shaft  kept  full  of  water,)  that  the  boring  rods  appli- 
cable to  artesian  wells,  before  the  wells  of  Passy  were  sunk,  did  not 
exceed  0™.30  in  diameter.  To-day  the  two  wells  undertaken  by  the  city 
of  Paris — one  at  La  Chapelle,  b}'  Messrs.  Degousee  and  Ch.  Laurent, 
the  other  at  La  Butte-aux-Cailles,  near  the  Ivry  station,  by  Messrs.  Dru 
Brothers — have  been  commenced  at  a  diameter  of  1™.80. 

We  will  now  give  some  explanations  of  the  tools  and  methods  employed 
in  boring  these  wells.  It  is  evident  that  these  tools  and  methods  can  be 
applied  to  sink  mining  shafts  of  three  or  four  metres  in  diameter. 

The  boring  apparatus  comprises  two  essential  parts — the  tools  which 
serve  to  excavate  the  earth,  and  the  appliances  at  the  surface  for  work- 
ing or  handling  the  tools,  which  become  much  more  imi>ortant  as  the 
diameter  of  the  wells  or  shafts  is  increased. 

CONSTRUCTIONS  AT  THE  SURFACE. 

The  preparations  for  sinking  made  at  the  surface  by  the  house  of 
Degous^*e  and  Ch.  Laurent,  at  the  wells  of  La  Chapelle,  are  completely 
different  from  those  we  have  described  as  made  at  the  wells  of  the 
Hdpital.    Their  preliminary  work  appears  to  be  much  bettac  ^ 


mamQ — ^bobino  aktebus  vblls. 

d  exomUMl,  and  tbe  I'p.siilt^  olit^iiiiod  u[)  to  tbis  <1ny  {'uiifimi  thv  upm- 

I.    In  imltir  to  (i!i»w  more  ilistiiiotly  t\w  iliflciviicfs  that  KSist  between 

tbe  Biode  t>r  i>i-i>|iimilitiu  wliicli  Mr.  iCiud  Htill  tbIIuwH  ami  tb»t  follavrrd 

by  M«'««i-s.  Dfgouw'c  ami  (Jb.  Laurent,  we  will  (U-i*crnH>,  in  a  few  w(inl.t, 

-tlu:  appliatiws  for  working  the  boiiiig  Uiolx  of  tbti  artenian  wclU  of  I^n 

'^miJOlIe. 

bXbe  macbine  is  workwl  by  ft  lioriztnitjil  »t«»iti-enf;in(;  of  15  burm>- 
piFer.  Tbe  tly-wboul  »huft  inakvK  5U  nrvoliitiuiia  gwr  iiiiuulc.  It  uurriiis, 
;,  a  pillion  of  (>''>.W  dianiL'tiT;  secondly,  two  brnkei*;  thirdly,  two 
hihes;  tburrhly  uiid  luatly,  it  pulk-y  of  1">.G0  diutn<<t«>r. 
[  The  pinion  of  <)<«..'H>  diiLiiicU-r  drivt'S  a  luothed  wbeol  Axed  on  tbo  axle 
f  the  dram  of  the  capstan,  njHtii  wliieb  tli<!  chains  for  lifting  the  ohalts  of 
B  burero  are  wonnd,  and  a\nn  Uie  pnrriuMiim  and  pti^auKlng  npiiiuatui). 
e  diam«t*<r  of  the  dnini  of  tint  uipstAU  ia  «™.5o;  it«  lenfrlb  is  1".R0. 
8  a  spiral  groove  wliieb  t;ui<les  the  ehuins  uikI  eatisi-a  them  to  wind 
[nlarl}'  upon  it.  The  pulley  of  ]">.50  ilianivter  in  l>elt43d  to  another 
ley  of  1".00  diameter,  flsed  at  tbo  estremity  of  au  axle  wbieh  carries 
htbe  other  end  a  pinion  of  O^'-IO  diameter.  Tbta  pinion  in  geared  witfa 
jSvfaeel  of  2'".<H}  diameter,  tfjtetl  on  a  second  axle,  where  is  nlso  flscd 
B  crank-plat^  wlileb,  by  means  of  a  counecling  ro<l,  gives  »  rerip- 
Ating  motion  to  the  utrikiug  beam.  This  beam  is  Hujtported  at  a  point 
wt  twu-tbtrds  of  itH  whole  length  distant  fVom  the  connecting-rod 

two  clutches  mentioned  8er\'e,  on  one  part,  to  throw  into  ^ar  tbe 
[on  of  0™.3<>  with  tbe  driving  wheel  of  the  drum  of  the  capstan,  and, 
tbe  other  part,  to  drive  the  imlley  of  }"'.M  diameter,  keyed  on  tbe 
vbeel  sbaft,  by  whic:h  motion  i^  given  to  tbe  i^triking  beam,  at  tbe  end 
'Thlch  the  boring  tools  are  attached. 

two  braked  placed  iipou  tbe  tly-wheel  shaft,  are  for  the  piiri*otw  of 
Rgnlating  the  speed  of  tbe  (icKcent  of  tbe  tools,  the  weight  of  whieh 
uiigbt  i,-au w  ft  great  acceleration  of  speed,  and,  eousetpjently,  a  fVocture, 
which  ii4  Hlwayo  to  be  dreaded, 
Tht  timber  framing  which  forma  the  derrick  or  tower  for  tbe  Hinkirig 
■the  wells  is  more  simply  an-anged  thnu  that  adopted  by  Mr.  Kind, 
tools,  in  pla*'e  of  being  n-ewived  niwn  a  platform  about  ten  iiietrea 
aliove  tliv  Hurfaec,  arc  upon  the  surface  itiwlf,  and  it  is,  eou(tc<inentIy, 
much  nion:  easy  to  work  them.  The  Unkt^il  chain  for  lifting  tbe  tools 
luiH  rtood  tbe  wear  of  ten  ye«r«  without  wny  iH-rident ;  while  Uie  break- 
ing of  tho  cablet  euiploytnl  in  tho  system  of  Messrs.  Kind  and  Chaiulruti 
have  occasioned,  as  we  have  seen,  Hertous  aeeidenta  and  delays. 

To  finish  the  comparison  of  the  two  differenl  methods  of  surface  prep- 
anitiotiH  which  we  are  oonxidering,  we  will  stale  that  at  the  lioriiig  of 
the  wells  of  l*;issy,  nndertnken  by  Mr.  Kind,  there  were  two  machines 
of  25  bonu!-|»nwer,  onn  of  lo  hor-H^powpr  working  the  striking  lieun, 
H>wer  working  lite  cnpstan  drum.  The  trrpun,  nt 
Hgh  niurr  Uiaa  aboot  two  tons.    Messrs.  Vegousde 
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and  Ch.  Laurent  used  an  engine  of  only  16  horse-power  to  work  their 
trepan,  which  weighed  about  four  tons,  and  to  bring  the  broken  or  bored 
earth  to  the  surface.  This  engine  did  not  require  any  repairs,  except 
such  as  are  ordinarily  necessary  during  a  service  of  two  years. 

BORING  TOOLS  OF  DEGOUSfiE  AND  LAURENT. 

We  will  now  consider  the  boring  tools  devised  by  Messrs.  Degone^ 
and  Ch.  Laurent. 

The  construction  of  the  trepan  employed  at  the  artesian  well  of  La 
Chapelle  differs  completely  from  that  of  Mr.  Kind.  It  is  represented  by 
Figs.  21  and  22,  Plate  I.  It  is  composed  of  six  branches,  so  arranged  a8 
to  break  up  the  earth  in  an  annular  belt  or  zone,  leaving  a  central  core. 
The  six  teeth  which  are  keyed  into  the  blade-holder  are  0™.35  wide,  and 
the  mode  of  fixing  them  into  the  six  branches  is  so  secure  and  solid  that^ 
up  to  this  date,  no  accident  has  happened.  Even  when  a  tooth  becomes 
unkeyed  it  cannot  get  out  of  the  blade-holder,  while  at  the  shaft  of  the 
Hdpital  there  have  been  twenty-three  teeth  out  of  their  sockets,  all  of 
which  fell  into  the  shaft.  One  of  these  accidents  caused  a  stoppage  of 
a  month. 

The  percussion  of  tbe  trepan  with  the  regular  rotsiting  movement  cuts 
out  an  annular  channel  of  O'n.45  to  0°».50  large,  leaving  in  the  center 
of  the  shaft  an  unworked  piece  of  earth,  or  core,  of  0".80  or  O™.90 
diameter.  This  mass,  when  in  slightly  coherent  earth,  crumbles  down 
and  forms  an  irregular  cone.  In  this  case  they  bolt  on  one  diameter  a 
transverse  blade,  which  triturates  the  core. 

This  trepan  weighs  about  four  tons.  Its  first  cost  is  greater  than  that 
of  Mr.  Kind's,  but  it  proves  in  practice  to  be  much  more  solid  and  dura- 
ble, and  it  works  better. 

Messrs.  Degous^e  and  Ch.  Laurent  have  been  very  successful  in  giv- 
ing a  free  fall  or  drop  to  their  trepan.  With  more  than  ten  thousand 
blows,  the  trepan  has  not  once  failed  to  be  caught  again  upon  the  descent 
of  the  rods,  and  its  fall  has  always  worked  with  the  greatest  regulwity, 
while  at  the  shaft  of  the  Hopital  eighteen  fractures  of  pieces  of  the  slide 
have  occasioned  a  stoppage  of  more  than  a  month.  The  contrivance  for 
the  free  fall  of  the  trepjin  is  constructed  as  follows :  A  movable  piece 
surrounds  the  shaft  above  the  hooks  and  terminates  in  a  fork,  of  which 
the  two  branches  extend  below  the  cutters  and  touch  the  bottom  of  the 
bore.  This  piece  is  not  lifted,  unless  the  borer  is  raised  more  than  the 
stroke  allowed  by  the  collar  which  attaches  around  the  hooks.  The  upper 
part  of  the  hooks  lifted  by  the  boring  rod  slides,  therefore,  in  the  collar, 
and,  meeting  a  striker  which  makes  them  oi>en,  the  tool  immediately 
falls  with  all  its  weight  on  the  bottom  of  the  bore.  Tlie  boring  rod,  being 
lowered,  catches  the  tool  again  by  the  hooks,  and  this  action  is  repeated 
so  (is  to  obtain  a  succession  of  blows.  The  figures  show  the  arrangement 
of  the  fixed  shaft  and  the  hooks  for  the  drop. 

The  suspension  rods  employed  by  Messrs.  Degous^  and  Ch.  Lmi* 
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I'  of  iron.  Tlipy  havi-  a  Hcf-lkm  of  0"'.045  squan>,  aa<)  are  13"' .00 
TbPHi-'  rods  havp  worked  lor  two  jearH  without  ai-ciileiit,  and 
1  prefpr  tlieni  to  thoHC  auwiet  of  wood,  for  tlio  foilowinp  it'aHonft: 
fe  i»  evident  thiil.  (vimmI  at  a  great  depth  will  take  from  the  pros«iire  of 
t  (be  water  a  denj^ity  at  lea^t  etjaal  U>  that  of  tbe  watt-r;  and,  moreover, 
the  iron  lUtiu^cts  atld  to  tU(.^  weigtit  in  a  (^t■rtuill  ittxtpurtion ;  an<l  if  wo 
coaipanr  tlio  B4!Ctioii!t  of  tbe  eliafts  or  wooden  rods  of  Itif  wi-Us  at  tlie 
Hopital  to  ttiose  of  iron  at  the  wells  of  La  Cliapelle,  it  is  seen  that  the 
metre  In  length  of  thi-  first  wdffhs  at  liiast  3.5  kiloffrftmnie»,("0  pounds,) 
w)dle  that  of  the  s«M;oud  does  nut  exo^imI  Ht  kilo^n^ninie!*,  (32  pounds.) 
It  ii*  trni-  that  an  tbe  wooden  rods  disphice  a  grent^-r  qiiantity  of  water 
air  weiRht  is  dimiuiHhed,  hut  thin  uraall  advaidage  is  largely  over- 
inced  by  their  rapid  deterioration,  whether  In  store  or  at  work.  The 
d  in  drying  beats  and  losoa  its  (jtialitit's.  NVell  made,  their  eoustrue- 
I  Appears  to  us  sufliciently  costly  to  make  the  mattw  of  renewing 
u  at  eueh  sinking  ntthor  an  importiint  item  ;  they  augment  sensibly 
D  VMt  of  work  to  bo  done.  Ou  tbe  other  band,  the  iron  shafts  that 
1  bo  bitlancod  as  practieed  by  Mojirts.  Degouw^e  and  Laurent  require 
for  their  descent  and  elevation  bnt  a  little  more  force,  and  with  steam- 
engines  thi«  Inereiwe  of  expense  is  so  little  that  it  may  l>e  dlsivgai-ded. 
Tlie  di-nining  and  cleaning  tools  of  the  wells  at  La  ChH)K'lle  difTer 
■  ipmlly  from  tliuso  of  Mr.  Kind;  and  we  think  them  also  sviporior.  Tlie 
modi lieal ion  of  the  tn-pau  inteiidtnl  to  work  out  the  .inuiilar  groove  or 
B  led  tn  a  modification  of  the  auger,  wliieh  It*  anuidar  and  composed 
I  Diae  angers  joined  together,  of  0'".35  diameter. 
~5ie  Bpoou  or  bucket  which  lifts  the  detritus  in  the  middle  of  the  wells 
Wlk  cylinder  1™.00  in  diameter  and  a^-W  in  height.  Tbe  bottom,  in 
6  of  carrying  two  valves,  is  i)ierced  with  seven  round  boles,  viliieh 
B  dosed  by  hemispherical  hollow  valves  carrjing  in  tlieir  axis  a  shaft 
wliinh  traverses  the  whole  length  of  tbe  s|ioon.  Tins  shaft  is  terminated 
by  »  hanrlte  which  permits  the  workmen  to  lift  up  the  valve  in  order  to 
empty  out  the  mud  when  the  bucket  is  withdrawn  IVnra  the  well.  This 
amiugement  is  intended  t«  obviati?  the  ineonvenieuee  of  the  hinged 
valviis.  which  ofleJi,  by  not  eoniplctely  closing,  let  the  matter  in  tbe 
bnrket  ewaiK'  during  tbe  ascent  of  the  dredge, 

Tbe  bucket  at  La  Cliapelle  is  emptied  with  great  ejise,  it  being  lifted 
one  uielre  above  the  surfiice  and  phuinl  oh  a  little  frnek.  which  carries 
it  immo<luitcly  under  «  crane  placed  al  the  side  where  the  i-ontents  are 
^Ijtt  )»e  emptied. 

^■UCbe  recovering  tools  are  com|K)soil  simply  of  the  or<linnr>'  screw  bell, 
^^bektf  A  rU,)  A  grapnel,  ami  a  new  fonn  of  pincers,  with  four  branches. 
^^wap  four  brimHies  are  arranged  in  a  parallelognini,  aud  one  of  their 
ends  is  ftxed  to  a  single  piece  boif<l  and  Uii|k-(I  in  its  center.  11  is  csisy 
to  aadvrst.'iiid  tbe  part  this  plays:  In  niisiug  or  loworlng  the  nut  in  the 
^jmw  wbi(;h  is  attached  to  the  boring  hkIs,  the  foor  branches  e-Xpaiid  or 
^^Hbuct  at  will,  wliJch,  resting  ou  the  bottom  of  the  well,  gather  ih« 
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objects  which  may  be  there.  The  working  of  this  apparatus  is  very 
simple.  It  is  sufficient,  when  the  pincers  have  arrived  at  their  destina- 
tion, to  turn  the  boring  rods,  and  when  the  piece  they  wish  to  catch  is 
taken  and  caught,  it  produces  a  resistance  which  indicates  that  there  is 
nothing  more  to  do  than  to  lift  the  whole  apparatus  to  the  surface. 
Every  time  this  apparatus  has  been  tried  it  has  given  the  ^e^;l't8 
expected. 

TUBBING. 

The  artesian  well  of  La  Chapelle  traverses  the  Tertiary  strata  of  the 
Paris  basin,  and  penetrates  the  chalks  and  marls  of  the  Secondary. 

According  to  the  agreement  between  the  contractors  and  the  city,  the 
boring  is  expected  to  be  600  metres  deep  before  it  reaches  the  water- 
bearing bed  of  the  greensand  formation.  After  working  two  years,  the 
well  has  already  (1867)  reached  a  depth  of  337  metres,  but  it  has  been 
found  necessary  to  tub  or  line  the  shaft  to  avoid  the  caving  which  would 
inevitably  happen  without  it. 

A  first  column  of  sheet-iron  lining,  1°^.80  diameter,  34°>i>0  high,  and 
weighing  about  thirty-six  tons,  was  put  in  immediately  below  the  pre- 
paratory pit,  which  last  was  lined  with  masonry  to  a  distance  of  about 
six  metres  below  the  surface,  where  the  working  platform  was  placed. 

A  second  column,  1°^.70  diameter,  135  metres  high,  aud  weighing  11 
tons,  was  next  put  in ;  and  lastly,  a  third  column  was  put  down  just  to 
the  chalk.  This  column  has  a  height  of  139  metres,  its  diameter  1"».37, 
and  its  weight  about  110  tons. 

The  tubes  are  made  of  sheet  iron  of  a  mean  thickness  of  0».02; 
the  height  of  each  section  being  determined  by  the  breadth  of  the  iron 
plates.  These  plates  were  fastened  together  by  rivets  with  countersunk 
beads^  so  that  the  interior  and  exterior  surface  of  the  lining  were  quite 
smooth. 

To  form  one  of  these  cylinders,  two  sheets  of  iron  of  the  thickness 
of  0°^.01  are  taken  and  riveted  together  in  such  manner  that  one  of 
them,  the  inner  one  for  example,  projects  slightly  beyond  the  other,  and 
thus  forms  a  shoulder  to  which  the  next  section  above  can  be  riveted. 
By  this  arrangement  it  will  be  seen  that  each  column  of  tubbing  pre- 
sented the  same  diameter  throughout  its  length.  When  the  sections  of 
the  column  are  thus  pre(>ared,  they  are  lowered  and  put  together  as  they 
descend  into  the  well. 

This  oi>eration  is  performed  in  the  following  manner: 

A  woollen  frame  is  made  and  supi>orted  u|ion  a  wheeled  truck.  This 
firame  is  com(>osed  of  two  strong  vertical  walls  of  a  height  of  four  or  five 
metres,  conuecteil  at  their  upper  luirt  by  a  cap  or  to^i,  to  which  four  nuts 
are  fixed  to  rei'ei  ve  four  screws  intended  to  sustain  the  piiie  in  its  desoeoU 
Each  of  these  screws  is  worked  by  two  men  by  means  of  a  crank  and 
conical  pinion  conveniently  arranged.    Plate  1,  Fig.  T. 

The  lower  part  of  these  four  screws  is  Axed  to  a  soung  ctrcidar  woodea 


[itat*,  fthoiit  fliu-SO  thick,  and  Piiual  in  dia 
uf  tlie  cnliiiiiii  tlmt.  is  to  Iw  loweiwl. 

Upim  tti(!  workiiif;  jilutt'onii  a  Kpcdes  of  tiibhtnt;  iit  voml  is  placed,  the 
tenor  diaineter  of  wliich  is  equal  to  the  exterior  of  the  mm  tiibhing  or 
The  height  of  this  tiilibing  Ja  two  uietTCA ;  thi-  KegintMits  of  whlt'h  it 
i| eo>n|H>!wtI  lire  united  together,  aud  r;an  he  drawn  togftherurexpauded 
f  ucatia  of  HCIVW8,  ao  ns  to  squeeze  the  rolunin  uud  uct  a»  a  damp  or 
iipport  dnriiig  itit  descent.  When  thin  kind  of  tuhhing  is  jitit  in  i>liu;e^ 
1  the  fhinie  which  cameR  the  i^'i-ews  in  jtnt  in  the  nxi»  of  the  wt-II,  the 

t  aeclion  of  pijie  is  brought  forward  and  itluced  over  the  well.     Pre- 

■fJonsly  several  iron  eai-s  am  bolted  ujion  t!if  iutcrinr  f«ec'  of  tho  tub,  and 
-■ibirtit  it  mefrti  Ih'Iow  its  upinT  edge,  the  use  of  which  will  lie  |ircHeiit]y 
r\|)lMined.  Other  pnijeeting  cars  are  fixed  in  the  inside  of  the  tub,  and 
on  thcBc  cars  the  lower  part  of  the  wooden  plate  is  allnweil  to  rest,  autl 
is  then  bolted  U)  them.  When  the  work  is  thns  prepuml,  thitt  first  tub 
ia  lowered  until  the  outer  ears  rest  ujion  the  iipt>er  edge  o(  the  wtMMltn 
liibbing  wliirh  surrounds  the  column  on  the  outsidu.  Tlie  Inside  ears 
itc  then  removed  and  the  pijw  is  supiH^rtvd  upon  the  outer  tub.  The 
liner  plate  of  wihkI  is  then  lifted  up  by  the  aid  of  the  serows,  and  the 
n\et  lioles  of  the  eai-s  are  closed  up  by  hot  rivets  with  ooimtcniunk 
beudft.  The  second  cylinder  is  tlien  pltu-ed  in  the  axis  of  the  welt.  This 
8oeoud  eyliiiilcr  has  iusitle  and  outside  ears  like  the  fintt,  and  the  circu- 
lar phite  is  introduced  and  bolted  to  the  ears.  These  hold  it  at  its  upper 
jiart,  and  it  is  then  lowered  regularly,  with  the  aid  of  the  screws,  until 
the  lower  part  lils  iuto  the  first  cylinder.  The  two  set^tions  ure  then  riv- 
eted together  by  hot  rivets.  The  tub  is  then  lifted  a  little  in  order  to 
e  the  outside  ears  of  the  flrat  section  of  the  cylinder,  and  the  whole 
t-iUovcd  to  descend  by  its  own  weight  till  the  outer  ears  of  the  lop 
r  rest  iti  their  turn  upon  the  upper  i)art  of  the  wooden  tubbing. 
f  proceed  in  the  stuue  way  for  all  the  othex  sections  of  the  eoliunn  or 
,3)btag  of  tite  well  until  it  is  finished. 
K^TIm  lowering  screws  are  each  calculate*!  to  withstand  a  strain  of  fifty 
ms;  but  to  prevent  a  too  rapid  descent  of  the  lining  when  it  lias  attain^I 
a  eonsidomble  weight,  Mcssnt.  Degons^  and  Ch.  Lnurent  make  uine of  tb« 
BpecicM  of  tubbing  u{H>n  the  siu^'acc  of  the  working  pits  aln-udj'  noticed. 
R  tubbing  not  only  serves  lo  guide  the  column  and  to  make  it  descend 
ticaJl^',  bnt  also,  and  alH)ve  all,  to  act  as  a  powerful  l>n<ak,  and  thus 

>  the  workmen  to  control  the  velocity  of  tlie  desceut  at  will, 
tigbteniug  the  segment  screws  gives  »  strong  com]iro!U(ion  luid  (tic* 
B  over  a  height  of  two  metres,  safflcient  to  control  the  descent  uf  the 
Wug. 

tut  three  columns  of  sheet-iron  lining  which  have  tteen  mrnlioned 

B  |tut  in  place  l)y  this  system  of  operating  with  the  greatest  ease,  at 

i  tMc  of  four  ntetres  a  day,  iucluding  the  time  spent  in  riveting  tJie 

[una  of  the  tubbing. 
Mrben  the  artesian  well  of  La  Ohaj>clle  is  sunk  to  the  deptii  of  600 
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metres,  a  tub  in  one  column  will  be  lowered  to  the  same  depth.  Messrs. 
Degous^e  and  Oh.  Laurent  propose  to  employ  the  same  method  of  lower- 
ing, and  there  is  no  doubt  that  these  able  engineers  will  succeed  com- 
pletely in  this  magnificent  work. 

The  false  bottom  for  the  tubbing,  which  is  used  by  Messrs.  Kind  and 
Chaudron,  would  not  answer  in  this  case,  because  it  would  prevent  the 
water  from  rising  in  the  well.  The  work  carried  forward  at  La  Chai>eDe 
proves  that  by  the  system  h  niveau  plein,  of  sinking  from  the  surface, 
large  shafts  for  mines  can  be  executed  by  the  tools  and  method  of 
Messrs.  Degous^e  and  Gh.  Laurent  with  great  success  in  similar  forma- 
tions. 

TREPAN  WITH  FREE  FALL. 

There  remains  little  to  be  said  of  the  ordinary  boring  tools  shown  by 
this  house,  all  are  known ;  we  will  give  only  some  details  of  the  tool  with 
free  fall  and  on  the  bayonet  principle,  and  of  those  tools  for  verifying 
the  nature  and  the  inclination  of  the  strata. 

The  trepan  with  slides  working  the  free  fall  is  provided  internally 
with  two  bulges,  which  force  the  palls  to  open  and  to  abandon  the  head 
which  forms  the  upper  part  of  the  slide  screwed  to  the  great  shaft  which 
carries  the  trepan.  The  height  of  the  fall  depends  on  the  distance  which 
exists  between  the  pincers  and  the  head  of  the  disengager  at  the  time 
when  the  trepans  of  the  little  additional  shaft  are  both  upon  the  bottom. 
Every  time  that  it  is  \iished  to  alter  this  fall,  it  is  sufficient  to  divide  the 
lower  part  of  the  additional  shaft,  and  to  replace  it  by  a  longer  or 
shorter  one. 

The  first  instrument  for  taking  a  sample  of  the  strata  is  called  the 
decoupeur.  It  is  made  with  a  head  terminated  by  four  vertical  branches 
carrying  at  their  ends  four  chisels.  The  four  branches  are  strength- 
ened together  between  two  concentric  pieces  of  sheet-iron,  and  riveted. 
Any  length  can  be  given  to  these  branches.  This  tool  is  used  by  per- 
cussion, like  the  trepan. 

The  core  once  formed,  they  lower  a  punch.  It  is  composed  of  a  pipe 
fastened  throughout  its  entire  height  to  a  fork,  one  of  the  branches  of 
which  receives  a  flat  band  of  iron  the  same  length  as  itself. 

A  wedge  is  intended  to  work  between  the  band  of  iron  and  the  band 
of  the  fork;  the  first  is  furnished  with  three  pins  riveted  to  the  pipe; 
the  iron  band  is  pierced  with  three  holes  intended  to  receive,  without 
being  fixed  thereto,  the  ends  of  these  x)ins. 

The  punch  is  lowered  into  the  well,  the  wedge  being  placed  as  low  as 
the  slide  will  admit  of.  At  the  moment  that  the  instrument  is  about 
0».10  or  0»".15  from  the  bottom,  the  rod  is  left  to  fall ;  the  shock  makes 
the  wedge  enter  between  the  two  branches,  which  open,  and  presenting 
a  thickness  greater  than  that  of  the  annular  space  produced  by  le 
ddoaupeur.  A  horizontal  thrust  is  thus  created  which  throws  the  iron 
pipes  on  one  side,  and  consequently  the  cylinder  of  earth  which  it  envel* 
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opes  is  detached  from  the  bottom  of  the  shaft  and  remains  caught  in  the 
instrument  by  the  springs. 

Messrs.  Dm  Brothers,  successors  to  Messrs.  Mulot,  also  exhibited  a 
complete  series  of  boring  tools,  among  them  a  model  of  a  trepan  which 
they  employ  for  the  boring  at  the  Butte-aux-Caillts. 

This  trepan,  (Fig.  23,  Plate  I,)  is  a  lamepleine,  (full  blade.)  The  teeth 
are  let  into  the  blade  their  full  size,  and  are  maintained  in  their  sockets 
b3'  bolts.  This  arrangement  holds  them  more  solidly  than  keys,  and 
allows  of  their  being  tightened  when  they  get  loose. 

To  obtain  a  free  drop  of  the  trepan,  these  engineers  usually  employ  a 
mechanism  which  opens  the  hooks  by  the  shock  of  the  working  beam 
striking  against  a  fixed  point. 

For  the  large  shaft  they  have  replaced  this  apparatus  by  another. 
When  in  boring  the  rod  has  arrived  at  its  greatest  height  by  the  upward 
movement  of  the  working  beam,  the  tool  does  not  fall,  but  is  unhooked 
when  the  rod  descends.  This  is  effected  by  the  action  of  a  cleat  which 
bears  against  the  side  of  the  hook  and  opens  it ;  the  tool  then  falls  to 
the  bottom  of  the  shaft  and  is  followed  slowly  by  the  boring  rod,  which 
almost  immediately  re-seizes  the  tool.  Mr.  Dru  thinks  that  he  has  ob- 
tained by  this  arrangement  for  the  simultaneous  descent  of  the  tool  and 
the  boring  rod  the  most  favorable  condition  for  the  preservation  of  the 
working  parts,  and  for  the  regularity  of  the  sinking. 
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DRILLING  ENGINES,  AND   COAL-CUTTING  MA- 
CHINES. 

Machines  for  boring  or  driixino  by  percussion— TRoriLiJErr»s  excavator- 
Drilling  MACHINES  ACTUATED  BY  STEAM  OR  CO.MPRESSED  AIR— SOMMEILIER'S  DRILL- 
ING ENGINE — DoRING'S  DRILL— BeRGSTROEM's  DRILI.r— HaI'PT*8  DRIIJi — BEArMOXT 
AND  LoCOCK'8   DRILLING   ENGINE — DRILLING    BY    ROTATION    OF  THE   TOOL8 — LlHBET 

AND  Jacquet's  borer — Lesciiot's  driij.— De  La  Roche-Tollay  AND  Fekreti'8 

BORING  APPAlL/kTUS — MACHINES  FOR  CUTTING  OUT  COAL. 

The  application  of  inaoliinery,  worked  by  steam  or  other  power,  to  the 
drilling  or  perforation  of  rocks  originated  in  the  United  States.  Before 
the  year  1853  several  such  machines  were  at  work  in  North  America. 
Some  serA'ed  to  perforate  the  rock  by  means  of  drills  worked  by  percus- 
sion, and  were  employed  simultaneously  with  powder ;  others,  applied  to 
the  driving  of  underground  galleries,  acted  directly  to  cut  and  break 
down  the  whole  of  the  rock  of  the  size  of  the  gallerj',  and  were  not  in- 
tended to  i)repare  the  rock  for  subsequent  use  of  powder.  Messrs.  Tal- 
bot and  Wilson  had  invented  one  of  these  machines,  which  drove  a  gal- 
lery of  5™.20  diameter  by  the  aid  of  cutting  disks  fixed  to  the' arms  of  a 
kind  of  wheel  turning  on  a  central  axis.  These  disks,  in  turning  aa 
their  axes,  scoo|>ed  like  a  plane  at  the  same  time  that  they  were  cairied 
around  by  the  rotary  motion  of  the  central  axis.  They  formed  an  annu- 
lar gnwve  or  channel,  leaving  in  the  center  of  the  gallery  a  core  of  solid 
ground.  This  machine  had  a  certain  amount  of  success  in  the  talcoee 
schists,  whert»  the  core  could  be  easily  broken  off.  The  speed  of  working 
was  1™.23  (ASH  tVH?t )  for  twelve  hours  of  work.  The  exi>ense  was  estimated 
at  IIK)  francs  |>er  running  metre,  but  it  is  evident  that  in  hard  rocks  this 
machine  could  not  com|>ete  v\ith  those  which  only  drilleil  the  holesoreham- 
bers  for  the  ret^eption  of  jKiwder,  by  which  the  rocks  could  be  blown  oat 
much  cheai>er  than  they  could  be  cut  away. 

Other  machines  were  cimstructe<l  so  as  to  cut  away  only  a  smaO  part 
of  the  n>ck,  isi>lating  it  by  deep  gnn^ves  or  channels  into  large  blocks, 
which  were  then  bn>ken  up  either  with  levers  or  by  powder. 

All  these  machines  were  worked  by  steanu  and  their  mode  of  action 
was  sometimes  that  of  the  ci>mmon  drill  of  the  minen  sometimes  that  of 
a  cutting  tool,  but  in  neither  of  these  machines  had  the  idea  of  boring 
like  an  aug^^r  into  wooil,  or  a  drill  into  iron,  lieen  applied. 

For  some  years  this  hist-mentioufil  mmle  of  Ixmug  had  been  employed 
in  France  with  Inrtter  iv^ults  than  those  of  other  machines  which  had 
{Hvcetle^l  them. 

IVxfonitors.  or  rock-ilrilling  m:ichines»  can  be  divided,  according  to 
their  mode  of  workings  into  two  ittinci|Md  systems— {»eicibssioii  and 
lotaiy. 
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The  diflferent  machines  of  the  two  systems  which  were  shown  at  the 
Exposition,  or  which  have  been  employed  in  driving  large  tunnels, 
will  now  be  noticed. 

L— MACHINES  FOR  BORENG  BY  PERCUSSION. 

The  apparatus  for  boring  by  percussion  can  be  divided  into  two  classes — 
the  first,  those  that  are  worked  by  manual  labor;  the  second,  those  which 
use  compressed  air  or  steam  as  the  motive  power.  Only  one  apparatus, 
the  cavateur  Trmiilletj  is  comprised  in  the  first  class. 

TROUILLErS  EXCAVATOR. 

This  apparatus,  invented  by  Mr.  Trouillet,  is  intended  to  scoop  out 
the  rock  at  the  bottom  of  the  drill  holes  in  mines,  so  as  to  give  a  cham- 
ber for  the  reception  of  a  larger  quantity  of  powder  than  the  drill  hole 
would  contain.  It  can  also  be  used  to  enlarge  a  round  hole  throughout 
its  whole  length,  beginning  the  work  at  the  bottom.* 

The  principal  parts  of  this  apparatus  are— 

1.  An  iron  bar  or  stem  d^  projecting  0™.80  beyond  the  tube  Ic.  This 
stem  is  provided  with  a  pair  of  cutters  e  e,  (Fig.  1,  Plate  II,)  fixed  to- 
gether by  hinges,  which  allow  each  to  des<iribe  a  quarter  of  a  circle. 
The  pin  ^,  upon  which  they  are  hinged,  is  kept  in  place  by  the  side  of 
the  tube  A:.  There  is,  however,  but  a  small  amount  of  pressure  on  this 
pin,  for  the  tools  are  so  arranged  as  to  receive  the  shock  due  to  the  per- 
cussion directly.    The  lower  part  of  the  stem  is  made  of  steel. 

2.  A  pair  of  tools  or  cutters  ee^  (Pig.  1,)  in  steel,  destined  to  attack 
the  rock  by  the  movement  they  receive  from  the  stem,  worked  like  the 
ordinary  mining  bar.  For  convenience  of  working,  Mr.  Trouillet  has 
made  a  series  of  tools,  composed  of  four  pairs  of  difierent  sizes. 

3.  A  tightening  piece  composed  of  two  pieces,  united  by  nuts,  and 
intended  to  fix  the  tube  at  the  required  height.  This  piece  rests  by  its 
lower  extremity  on  the  top  of  a  long  hollow  screw  which,  by  working  in 
a  nut  in  the  top  of  a  standard,  enables  the  operator  to  change  the  height 
of  the  tool.  The  hollow  screw  is  made  of  bronze,  or  brass,  and  the  nut 
is  of  cast  iron. 

4.  A  tube  hj  (Fig.  1,)  for  guiding  the  stem.  This  is  a  little  longer 
than  the  depth  at  which  it  is  required  to  enlarge  the  hole.  The  lower 
part  of  this  tube  is  closed  by  a  piece  of  iron  solidly  riveted.  Two  steel 
anvils  rest  u])on  this  piece,  (see  Fig.  2,)  and  the  width  of  each  anvil  is 
equal  to  that  of  the  steel  tools,  which,  by  striking  the  an\ils,  are  sud- 
denly thrown  apart.  These  anvils  are  only  fixed  by  a  rivet^  which  can 
be  drawn  out  when  the  anvils  ought  to  be  renewed.  They  are  arranged 
so  that  the  tools  or  cutters  striking  them  can  be  extracted  from  the  inside 
of  the  tube  by  an  oi>ening  left  for  that  purpose. 

*  An  apparatus  similar  to  this  was  made  in  San  Francisco,  California,  a  few  years 
since.    The  cntters  wore  adapted  to  hand-drills  alone.— W.  P.  R. 
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In  working  with  this  machine  two  workmen  give  to  the  stem  d  a  ver- 
tical movement,  like  an  ordinary  jumper,  causing  the  cutters  cc  to 
strike  against  the  sides  of  the  rock.  Another  workman  turns  the  whole 
machine  by  means  of  handles.  In  this  manner  the  cutters  are  made  to 
strike  successively  all  the  parts  of  the  cavity  to  be  hoUowed  out,  and 
follow  a  series  of  heliacal  lines.  When  the  screw  has  arrived  at  the  end 
of  its  stroke  the  operation  commences  again  in  the  contrary  direction, 
and  so  on  until  the  cutters  have  arrived  at  their  maximum  of  expansion. 
This  will  be  known  by  the  collar  of  the  stem  coming  in  contact  with  the 
tube.  The  tools  are  then  changed  for  larger  ones,  until  the  cavity  has 
been  sufficiently  enlarged ;  the  largest  tools  can  produce  a  chamber  with 
a  diameter  of  0°^.30. 

Mr.  Trouillet  states  that,  beginning  with  the  little  tool,  the  jumper 
ought  to  strike  twenty  blows  for  one  turn  of  the  screw,  while  in  using 
the  largest  it  ought  to  make  seventy  blows.  He  also  says  that  a  chamber 
of  0"».30  by  0"».50  in  height,  holding  35  kilogrammes  of  powder,  requires 
fifty  homes'  work  in  rock  of  ordinary  hardness. 

The  price  of  this  percussioti  apparatus  complete,  to  work  up  to  three 
metres  of  height,  is  650  francs,  delivered  in  Paris.  Inspection  alone  of  the 
machine  shows  that  it  is  only  applicable  to  rocks  of  a  certain  hardness. 
It  has  been  employed  with  success  in  some  sea-ports,  where  a  series  of 
holes  in  line  have  been  fired  with  the  electric  wire.  The  lifting  of  the 
debris  is  made  by  a  scoop,  shaped  like  an  Archimedian  screw. 

BORING  BY  STEAM  OR  COMPRESSED  AIR. 

The  boring  macbines  of  the  second  class,  actuated  by  steam  or  com- 
pressed air,  are  divided  into  two  systems,  according  to  their  mode  of 
working. 

The  first  includes  the  apparatus  which  serve  to  make  the  holes  to  be 
blasted  with  powder.  The  second  comprises  the  machines  iuteuded  to 
cut  out  the  rock  the  size  of  the  gallery  by  direct  action,  unaided  by 
powder. 

The  best  known  power  macliines  for  boring  bla.sting  holes  are — 

1.  Those  of  Mr.  Soninieilier,  employed  at  Mont  Cenis. 

2.  The  apparatus  of  Mr.  During,  of  Prussia,  employed  for  the  hust  three 
years  at  the  Vieille  Montague  mine. 

3.  The  borer  of  Mr.  Bergstroeui,  of  Sweden. 

4.  And  lastly,  the  steam-borer  of  Mr.  Herman  llanpt,  C.  E.,  of  Phila- 
delphia, United  States. 

BORER  OF  MR.  SOMMEILIER. 

Before  undertaking  the  description  of  this  machine,  which  has  i)rodueed 
such  a  sensation  among  engineers,  we  will  give  a  few  words  upon  the 
macliines  wliich  give  motion  to  tlie  striker.  These  machines  are  coni- 
P()s(m1  of  air-comj pressors  and  iron  pi[)es  to  carry  tin*  compressed  air  to 
the  boring  api)aratus. 
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On  the  Italian  side  of  the  Alps,  at  Bardonneche,  (the  Piedmont  en- 
trance,) the  air-eompressors  are  a  kind  of  hydraulic  ram,  the  valves  of 
which  are  arranged  in  such  a  way  that  at  each  lift  of  the  valve  admitting 
water  a  certain  quantity  of  air,  at  a  pressure  of  five  atmospheres,  is  forced 
into  a  reservoir  ten  metres  long  and  seventeen  cubic  metres  capacity. 

The  air-compressors  at  Modena  (north  side)  are  composed  of  a  hori- 
zontal cylinder  full  of  water,  in  which  a  piston  works,  and  of  two  vertical 
cylinders  receiving  the  air  and  i)rovided  with  valves  in  their  upper  part. 
By  the  motion  of  the  piston  a  quantity  of  air,  equal  to  that  of  the  water 
displaced  by  the  movement,  is  introduced  and  expelled  at  each  stroke. 
The  air  is  .conducted  to  the  boring  machine  by  cast-iron  pipes  of  0™.20. 
It  has  been  ascertained  that  the  loss  due  to  friction  is  about  one-tenth 
of  an  atmosphere. 

The  boring  machines  of  Mr.  Sommeilier  (Figs.  6,  7,  8,  Plate  II)  are 
essentially  composed  of  a  cylinder  H,  in  which  the  compressed  air  works. 
The  piston-rod  traverses  the  heads  of  this  cylinder,  and  carries  on  one 
side  a  screw  which  commands  the  distributor.  A  machine  I,  similar  to 
a  steam-engine,  commands  the  slide-valve  of  this  distributor.  This  ar- 
rangement was  adopteil  iniismuch  as  the  stroke  of  the  piston  which  car- 
ries the  drill  varies  with  the  hardness  of  the  rock  and  the  position  of  the 
drill  in  the  hole,  and  no  reliance  could  be  placed  upon  the  introduction 
of  the  compressed  air  by  means  of  the  percussion  alone. 

The  whole  apparatus  weighs  200  kilogrammes.  It  rests  upon  two 
beds  0™.03  wide  by  0^.05  high,  and  0°».09  apart  Their  length  is  2°».70. 
They  are  cut  upon  their  inside  faces  in  the  form  of  a  nut,  in  which  the 
screw  V  moves,  (Figs.  6,  7,)  and  the  edge  of  their  lower  faces  is  formed 
like  a  rack. 

The  cylinder  of  the  distributing  machine  is  0«».06  in  diameter.  The 
stroke  of  the  piston  is  0  .10 ;  it  is  furnished  with  a  connecting  rod  and 
a  crank,  and  by  means  of  gearing  gives  a  rotary  movement  to  a  square 
stem  T,  (Fig.  7,^  upon  which  is  fixed,  first,  a  pall  D,  which  advances 
tooth  by  tooth  the  ratchet-wheel  R,  provided  with  sixteen  teeth,  and  fixed 
invariably  on  the  prolongation  of  the  piston-rod  in  such  manner  that 
after  sixteen  blows  of  the  drill,  the  ratchet,  the  piston,  and  the  drill  have 
made  a  complete  revolution ;  second,  a  plate  furnished  with  a  cam  C,  which 
moves  the  slide-rod  t,  and  if  we  suppose  that  the  slide-valve  pushed  by 
this  cam  advances  and  stops  the  aperture  for  admission,  the  air  which 
acts  escai)es  through  the  opening  which  communicates  with  the  atmo- 
sphere by  the  hollow  passage  in  the  slide-valve,  and  the  piston  is  carried 
to  its  original  position  by  the  constant  pressure  which  is  exerted  on  it« 
front  face.  At  this  instant  the  valve  abandoned  by  the  cam  C  is  pushed 
back  suddenly  to  its  initial  iKxsition  by  the  difference  of  pressure  which 
is  exerted  upon  the  two  fcices,  and  thus  opens  the  inlet  port 

The  diameter  of  the  piston  of  the  boring  machine  is  0>°.06y  its  stroke 
0°>.20,  and  it  gives  200  blows  per  minute.    This  machine  is  tiiii|^e-acsti« 
The  compressed  air  enters  by  the'openinK  in  oonstant  oramup 
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the  conduit  with  the  front  part  of  the  cylinder ;  when  the  piston  is  at 
the  end  of  its  stroke  the  slide  opens  the  inlet  port,  and  the  piston  only 
advances  in  conseqaence  of  the  difference  of  the  pressure  of  air  on  its 
back  face  fitted  with  a  slender  rod,  and  on  its  internal  face,  of  which  the 
section  is  reduced  by  the  large  shaft  of  the  tool-carrier.  The  impul- 
sive force  upon  the  piston  is  for  some  of  these  machines  95  kilo- 
grammes, and  for  others  150  kilogrammes. 

We  have  before  explained  how  the  drill  is  made  to  rotate ;  it  remains 
to  show  how  it  is  made  to  advance,  and  how  it  can  be  rapidly  taken  out  in 
case  of  need.  If  the  screw  V,  constantly  geared  into  its  nut  formed  by 
the  internal  filleted  faces  of  the  beds,  were  fixed  permanently  upon  the 
shaft  T',  it  would  follow  that  in  each  rotation  of  the  drill  it  would 
advance  the  cylinder  by  a  length  equal  to  its  pitch ;  but  it  should,  on  the 
contrary,  only  advance  at  the  same  speed  that  the  drill  enters  the  rock, 
therefore  the  screw  V  works  loosely  upon  the  shaft,  and  only  turns  when 
the  clutch-box  M  catches  it,  this  clutch  being  continually  pushed  by  the 
action  of  a  spiral  spring  N,  which  is  retained  by  the  rod  F,  the  use  of 
which  will  be  explained,  (Fig.  7.) 

The  rod  F  connected  with  the  clutch  carries  at  its  front  extremity — 

1.  A  fork,  the  teeth  of  which  rest  against  those  of  a  rack  on  the 
lower  part  of  the  bed  plate. 

2.  A  prolongation  Q,  terminated  by  a  semicircular  appendage. 

If  we  now  suppose  that  the  piston  is  reaching  the  end  of  its  stroke, 
with  the  drill  scarcely  touching  the  bottom  of  the  hole,  the  t^piiet  P 
fixed  upon  the  shaft  of  the  tool-carrier  (Fig.  6)  strikes  the  appendage  Q, 
forces  it  to  drop,  and  detaches  the  tooth  8  from  the  rack.  Then  the 
clutch-box  M,  impelled  by  the  spring  N,  catches  and  turns  the  screw  V. 
The  striking  cylinder  advances  till  the  fork  S  is  caught  by  the  following 
tooth  of  the  rack,  and  thus  disengages  the  clutch. 

It  may  be  granted  that  Mr.  Sommeilier  has  constructed  an  ingenious 
machine,  which  fulfills  the  following  conditions :  ^ 

1.  It  strikes  hard  and  rapid  blows  upon  the  rock. 

2.  It  transmits  a  self-acting  rotary  motion  to  the  drill,  required  to 
prevent  it  from  becoming  fixed  in  the  hole. 

3.  It  imparts  also  a  ])rogressive,  self-acting,  and  regulai*  advance  to 
the  drill  as  the  hole  deepens  in  working. 

4.  And  lastly,  it  can  be  rapidly  drawn  back  to  change  the  tools. 
The  tool  is  a  drill,  with  the  cutting  edge  in  the  form  of  a  Z;  it  makes 

a  hole  of  0™.09  and  0™.04,  but  in  the  first  case  it  is  funiishe<l  for  0"».20 
behind  its  head  with  a  bulge  which  trims  or  reams  the  holes  to  full  size. 
The  stroke  of  the  machine  is  but  0™.80,  but  it  can  make  a  hole  to  a  depth 
of  0™.00  by  reason  of  the  length  of  the  drills,  which  vary  from  0™.50  to 
2«.00. 

Let  us  now  inquire  if  this  apparatus  has  answere<l  the  expectations  of 
its  author,  and  if  this  system  of  percussion  will  really  render  the  service 
expected  from  it.    We  do  not  hesitate  to  express  the  opinion  that  it  has 
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not,  and  the  following  data  wiU,  we  think^  prove  beyond  a  doubt  that  a 
percussion  machine  is  not  the  one  that  should  be  employed  in  this  kind 
of  work. 

The  apparatus  placed  before  the  breast  of  the  gallery  to  be  attacked 
carries  8  drills,  which  cover  a  section  4  metres  wide  by  3  metres  high, 
equal  to  an  area  of  12  square  metres.  Eighty  holes  are  bored,  6  of  0"».09 
and  74  of  0™.04  diameter,  and  0".90  deep.  The  daily  work  has  varied 
evidently  according  to  the  hardness  of  the  rock ;  in  March^  1863,  it  was 
1™.10  in. twenty-four  hours,  in  April  1™.40,  and  in  some  parts  of  the 
strata  even  2™.50 ;  but  when  the  bank  of  quartz  was  met,  (which  was 
308  metres  thick,)  the  advance  was  hardly  0™.50  per  day. 

During  the  month  of  March,  1863,  it  was  shown  that  each  explosion 
of  0™.70  to  0™.80  required  six  hours  for  boring  the  holes,  and  four  hours 
for  the  miners  carrying  away  the  rubbish. 

The  staflf  emi)loyed  for  the  boring  of  the  holes  during  twenty-four 
hours  was  as  follows : 

Men. 

Two  shifts 16 

Miners 2 

Laborers  for  taking  away  the  debris 8 

Superintendents 2 

Total 28 

Although  we  have  not  to  take  into  account  the  motive  engines,  we 
ought  to  add  that  the  compressors  required 9 

Total 37 

If  we  examine  the  staff  employed  in  repairing  the  tools,  we  remark 
that  in  1863,  for  8  machines  working,  there  were  60  in  the  shop.  At  this 
time,  when  the  work  is  carried  on  both  from  the  French  and  the  Italian 
sides,  the  number  of  engines  working  is  16,  and  of  those  in  the  work- 
shops rei)airiiig  200. 

In  1863,  as  we  have  stated,  for  repairing  8  i)erforators  working  in  a 
coarse  sandstone,  (gres  d,  grm  grains^)  the  staff  attached  to  the  workshops 
was  comiK)sed  ot^ — 

Men. 

Blacksmiths  repairing  tools  and  parts  of  machines 14 

Fitters,  turners,  firemen,  and  boiler-makers 10 

Total 24 

Tlius  24  men  were  occupied  daily  in  repairing  8  machines.  At  this  time 
the  number  is  much  larger ;  unfortunately  it  is  almost  impossible  to  ob- 
tain exact  accounts  of  the  cost  of  repairing.  All  that  we  know  to  be 
exact  is  that  at  this  time  the  work  has  been  offered  to  a  company  at 
6,000  francs  per  running  metre,  giving  them  aU  the  apparatus;  they  to 
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repair  the  tools  and  clear  away  the  dirt.    This  was  refused,  although 
the  prie<3  was  equal  to  500  francs  per  cubic  metre. 

The  enormous  shocks  which  the  machine  was  subjected  to  obliged 
them  to  change  the  iron  beds  for  Krupp  steel  ones ;  the  springs  often 
broke,  and  the  drills  cannot  advance  0™.20  or  0™.30  without  requiring 
repairs. 

Even  admitting  the  possibility  of  constructing  these  machines  strong 
enough  to  resist  these  causes  of  destruction,  we  still  say  the  percussion 
system  presents  such  disadvantages  that  renders  its  adoption  impossible; 
for  when,  by  the  blows  of  the  drill,  pieces  of  rock  are  broken  off,  and 
instead  of  being  thrown  out  they  are  still  subjected  to  the  blows  and  re- 
duced to  powder,  this  causes  a  loss  of  work.  It  is  true  that,  to  aid  in 
clearing  the  holes  at  Mont  Cenis,  they  injected  water  under  a  pressure 
of  five  atmospheres,  but  this  was  abandoned  because  the  tool  became 
clogg(Hl.  At  this  time  a  jet  of  air  at  five  atmospheres  is  forced  in  and 
drives  the  dust  from  the  bottom  of  the  hole.  This  dusty  atmosphere 
must  be  injurious  to  the  health  of  the  workmen. 

Besides,  when  the  drill  has  penetrated  the  rock  a  short  distance,  it  is 
no  longer  guided  and  supijorted,  and  its  vibnations  are  so  considerable 
that  they  can  only  be  compared  to  those  of  the  axles  of  railway  wheels. 
These  vibrations  evidently  prevent  the  making  of  a  uniformly  circular 
hole,  and  leave  ridges  in  the  hole,  which  prevents  the  use  of  cartridges, 
which  are  much  better  than  to  ram  in  powder. 

We  ought,  lastly,  to  add  that  the  boring  of  the  holes  is  but  a  part  of 
the  work  to  be  done ;  there  still  remains  the  work  of  clearing  out  and 
removing  the  dirt  and  debris.  It  is  necessiiry  that  the  boring  machine 
should  be  solid  enough  to  require  little  repair,  so  that  the  cost  for  tools 
shall  not  be  altogether  out  of  proportion  to  the  work  done. 

DORING^S  BORER. 

This  apparatus  is  worked  by  compressed  air,  and  is  composeil  of  a 
cylinder  0'".400  in  diameter,  and  0°».300  long,  (Fig.  10,  Plate  11.)  In  this 
cylinder  a  piston  moves,  to  which  is  fixed  the  stem  of  the  drill.  The 
compressed  air  is  distributed  by  means  of  a  slide-valve,  and,  after  acting 
freely,  escapes  into  the  air.  Two  ratchet-wheels,  furnished  with  dogs, 
are  placed  at  the  back  of  the  cylinder,  and  are  i)ut  in  action  by  the  pro- 
longed rod  of  the  piston  by  means  of  a  fork  which  commands  the  dogs. 
One  of  the  ratchet-wheels  serves  to  give  to  the  drill  a  rotary  movement 
on  its  axis ;  the  other  ratchet,  which  is  nearest  to  the  cylinder,  is  equally 
commanded  by  the  forks  joined  to  the  prolongation  of  the  stem  of  this 
latter.  This  ratchet,  by  means  of  a  toothed  wheel  with  which  it  is  con- 
nected, drives  a  gearing  which  advances  the  tool  upon  the  s<^reweil  stem, 
which  forms  one  of  the  sui)ports.  The  arrangement  of  the  tool  is  such 
that  the  drill  only  advances  when  the  piston  has  riui  its  stroke,  a  plan 
which  we  think  is  very  defective.  It  is  evident  that  the  aclvance  of  the 
tool  ought  not  to  depend  upon  the  stroke  of  the  piston,  but  uiwu  the 
hardness  of  the  rock,  as  in  Mr.  SommeiUei''s  machine. 
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Tliis  apparatus  of  Doring  weighs  forty-five  kilogrammes,  and  consti- 
tutes the  borer,  properly  so  called.  It  is  erected  upon  a  special  carriage, 
which  allows  any  direction  to  be  given  to  the  drill  that  is  desired.  The 
pre^ssure  of  the  air  varies  from  f  of  an  atmosphere  to  1^.  This  machine 
has  been  employed  for  some  few  years  at  Moresnet,  at  La  Vieille  Mon- 
tague. The  following  information  has  been  given  to  us  by  the  chief  en- 
gineer of  this  company. 

The  rock  is  a  quartzose  and  porous  dolomite.  A  six  horse-power  engine 
is  required  to  work  two  machines;  the  air  is  compressed  to  IJ  atmo- 
spheres. For  one  working  machine  it  requires  two  in  reserve.  The  speed 
per  minute  is  0™.03,  including  replacing  the  drills.  Each  drill  will  not 
bore  more  than  0™.20  to  0™.30  without  being  replaced.  Its  speed  of  ad- 
vance at  Vieille  Montague  over  ordinary  borers  has  been  treble  in  hard 
rock,  but  only  double  in  soft  rock. 

With  such  results  one  may  ask  what  is  the  real  advantage  of  such  an 
instrument  which,  with  a  force  of  three  horse-power,  does  only  three 
times  or  twice  the  work  of  a  man  f 

We  ought  to  add  to  these  explanations  that  we  assisted  at  experiments 
made  at  the  Universal  Exposition.  The  granite  rock  chosen  for  the 
trials  was  of  ordinary:  density,  and  perfectly  homogeneous.  Nevertheless 
the  tool  underwent  heavy  shocks,  although  the  pressure  of  the  air  did 
not  exceed  1 J  atmospheres.  The  rate  of  speed  was  from  0°».03  to  0«».055 
per  minute ;  we  ought  also  to  add  that  the  machine,  valued  at  about  350 
francs,  required  several  days'  repairing,  valued  at  nearly  500  francs. 

We  are  convinced  that  this  apparatus  would  not  stand  one  instant  the 
shock  produced  by  attacking  quartz  and  flint  under  a  pressure  of  five  at- 
mospheres. The  cutting  edge  of  the  drills  employed  is  about  the  same  lis 
those  at  Mont  Cenis.   The  diameters  of  the  holes  are  of  0™.025  and  0™.030. 

BERGSTROEM^S  PERFORATOR. 

This  borer,  of  which  we  can  only  give  a  very  brief  notice,  because  we 
did  not  see  it  at  work  at  the  Exposition,  although  efforts  were  made  foi 
that  purpose,  is  oi>erated  by  compressed  air,  but  has  the  disadvantage 
over  the  preceding  ones  of  not  having  a  self-acting  advance  movement 
The  workman  gives  this  movement  by  hand  as  required.  It  is  repre- 
sented by  Figs.  II  and  12,  Plate  II.  A  A  is  a  slide  in  two  cylindrical 
parts,  united  with  the  rod  fi,  moved  by  means  of  the  fly-wheel  V  by  the 
connecting  rods  S  S.  B,  wedge,  driven  by  the  screw  D,  furnished  with  a 
fly  C,  allows  of  closing  more  or  less  the  escape-valve  E,  so  as  to  offer  a 
varying  resistance  to  the  motion  which  it  receives  from  the  tapi>ets  //. 
The  escape  takes  place  freely  into  the  air  by  the  oi>ening  in  the  upper 
part  of  the  slide-valve  chest.  G,  cylinder,  in  which  moves  the  piston  H, 
0"n.014  diameter,  with  a  stroke  of  0™.208.  I,  iron  rod,  forged  with  the 
piston,  and  provided  with  a  socket  K  to  receive  the  drill.  This  rod  is 
hollowed,  and  in  itB  interior  there  is  another  cylindrical  rod  L,  attached 
to  the  body  of  the  piston  by  the  keys  M.    Cri>on  this  rod  is  fixed  a  worm* 
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wheel  N,  gearing  into  an  endless  screw  P,  fixed  upon  the  fly-whed 
shaft  V.  It  follows  from  this  airangement  that  in  giving  motion  to  the 
fly-wheel,  motion  is  imparted  on  the  one  hand  to  the  piston  a  a,  in  ordet 
that  the  air  admitted  on  one  face  of  the  piston  H  may  cause  it  to  advance, 
and  on  the  other  hand  the  endless  screw  imparts  its  movement  to  the 
gearing  N — ^that  is,  to  the  piston  itself,  and,  consequently,  to  the  drill; 
and  in  continuing  the  movement  of  rotation,  the  admission  of  air  takes 
place  at  the  opposite  face  of  the  piston,  and  the  air  on  the  other  aide 
escapes  into  the  gallery,  and  so  on. 

The  forward  movement  is  eflFected  in  the  following  manner :  The  whole 
arrangement  is  borne  upon  a  piece  T,  fixed  to  the  roof,  or  the  walls,  of 
the  gallery,  which  carries  a  rack  on  one  side  in  which  a  wheel,  attached 
to  the  borer,  works  so  that  the  apparatus  may  be  raised  or  lowered. 

This  apparatus  weighs  do  kilogrammes ;  the  price  is  550  francs. 

It  works  with  air  compressed  to  one  atmosphere.  It  gives  300  to 
400  blows  per  minute.  The  diameter  of  the  drills  varies  from  0™.018  to 
0™.025. 

This  apparatus  requires  power  to  compress  the  air,  and  a  regulating 
reservoir.  The  force  of  the  engine  required  varies  from  four  to  five 
horse-power. 

We  think  that  this  apparatus  has  imx)erfections  similar  to  those  that 
we  have  previously  pointed  out ;  nevertheless  its  construction  appears 
to  be  such  that  it  can  resist  the  blows  in  working. 

HAUPT'S  DRILL. 

This  percussion  borer  differs  essentially  in  its  construction  from  those 
described.  It  works  by  means  of  steam.  The  drill  passes  down  a  hollow 
piston  rod,  to  which  it  is  fixed  by  the  extremity  which  is  before  the 
workman. — (See  Figs.  2,  3,  4  and  5,  Plate  II.)  The  reciprocating  move- 
ment is  communicated  directly  to  the  drill,  and  by  a  special  arrangement 
of  the  slide-valve  the  introduction  of  the  steam  into  the  cylinder  is  avoided 
until  the  piston  has  aiTived  at  the  end  of  its  forward  stroke. 

The  force  of  the  blow  of  the  drill  upon  the  rock  evidently  depends  on 
the  pressure  of  the  steam  upon  the  piston.  It  will  be  observed,  besides, 
that  the  useful  efle<'.t  of  the  drill  depends  much  more  upon  the  section  of 
the  piston  and  the  pressure  of  the  steam,  than  on  the  length  of  the  stroke 
of  the  piston,  and  that  the  consumption  is  pr()])ortioned  to  this  last  di- 
mension. The  length  of  the  stroke  of  the  piston  is  0n».102,  and  the  num- 
ber of  blows  per  minute  is  375. 

The  movement  of  rotation  is  given  to  the  drill  in  the  following  way: 
The  box  in  which  the  shaft  of  the  drill  is  held,  and  which  turns  with  it, 
carries  a  ratchet-wheel  on  one  jjart  of  its  circumference,  and  around  this 
wheel  is  a  ring  furnished  with  a  i)all,  which  catches  in  the  teeth  of  the 
rati^het-wheel.  This  ring  also  carries  a  projecting  tappet,  which  passes 
in  an  inclined  groove  left  in  the  outer  envelope  of  sheet-iron  which  sur- 
rounds the  steam-cylinder.    The  tappet  participates  in  the  movement  of 
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the  piston  and  drill,  .and  by  sliding  in  the  inclined  groove  turns  a  screw 
with  which  it  is  combined,  and  by  means  of  the  pall  gives  the  ratchet- 
wheel  and  the  drill  a  rotary  motion. 

This  arrangement  would  be  insufficient  alone,  since  the  tapi)et  moving 
in  both  directions  in  the  groove  destroys,  to  a  certain  extent,  during  the 
forward  stroke,  the  useful  effect  produced  during  the  back  stroke  To 
ob\iate  this  imperfection,  and  to  maintain  the  rotation  transmitted  to 
the  drill,  there  is  a  second  ratchet-wheel  placed  at  the  front  end  of  the 
box  that  carries  the  drijl.  A  steel  spindle  placed  in  a  recess  formed  by 
the  cylinder  jacket  locks  into  the  teeth  of  this  second  nitc'het-wheel,  so 
that  the  movement  of  rotation  only  takes  place  one  way.  The  first 
ratchet-wheel  allows  the  transmission  of  the  roUvting  movement  to  the 
tool ;  the  second  forces  this  movement  to  be  always  effected  one  way. 

Mr.  Haupt  has  contrivexl  a  special  arrangement  which  causes  the  drill 
to  always  strike  upon  the  rock  with  the  same  force,  and  to  vary  its  ad- 
vance according  to  the  hardness  of  the  rock.  If  the  drill  is  put  into  the 
drill-carrier  in  such  manner  that  at  any  given  time  the  motion  of  this 
latter  can  be  suddenly  arrested  while  the  tool  itself  continues  to  move, 
it  is  clear  that  each  stoppage  of  the  tool-carrier  will  be  followed  by  an 
advance  of  the  tool;  but  as  this  stoppage  would  diminish  the  force  of 
the  blow  upon  the  bottom  of  the  hole,  it  is  only  allowed  to  take  place  at 
intervals. 

Mr.  Haupt  estimates  that  three-horse  power  is  required  for  each 
borer,  and  that  the  rate  of  progress  in  rocks  of  ordinary  hardness  is 
0™.05  per  minute. 

BEAUMONT  AND  LOCOCK'S  DRILLING  ENGINE. 

This  machine  is  worked  by  compressed  air ;  its  object  is  to  pierce  a 
gallery  of  two  metres  diameter  entirely  by  the  machine,  aided  by  i>owder 
for  disengaging  the  core  of  rock  which  is  left  in  the  middle  of  the  annu- 
lar trench  cut  by  the  drills. 

This  machine  is  eom|K)sed  of  a  cast-iron  plate  A,  (Figs.  1,  2,  3,  Plate 
III,)  which  carries  on  its  circumference  lifty  drills  made  of  cast-st<^l,  a  a, 
and  in  its  center  a  similar  drill  b.  The  diameter  of  the  plate  is  about  two 
metres,  and  is  the  same  as  that  of  the  gallery  to  be  driven.  It  is  fixed  on  a 
hollow  iron  shaft  B,  about  two-thirds  of  its  length  being  a  piston,  which 
moves  in  a  cylinder  C. 

The  stroke  of  the  piston  is  about  0™.30.  D  is  the  slide-valve  which 
introiluces  the  air  (compressed  to  two  atmospheres)  to  each  face  of  the 
piston,  and  gives  it  an  alternate  movement  of  250  blows  i)er  minute.  A 
worm  worked  by  a  8[>ecial  mechanism  turns  the  axle  B,  with  the  drills 
by  means  of  the  screw  wheel  li,  combined  with  the  axle.  The  carriage 
on  which  the  ])ist4»n  shaft  is  nu)unted  receives  a  forward  motion  by  a 
spiH*ial  arrangement.  The  water  which  is  thrown  into  the  groove  formed 
by  the  drills  enters  the  interior  of  the  shatl  B,  and  by  pipes  branched 
uiK>u  this  axle  is  conducted  to  the  circumference  of  tbe 
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We  will  not  dwell  longer  on  tbe  description  of  tbis  machine,  which 
has  seen  daylight,  but  which,  we  think,  \n\l  never  see  the  end  of  a  gal- 
lery in  a  mine  or  tunnel.  The  fifty-one  working  drills  augment  not  only 
in  a  considerable  proportion  the  causes  of  breaking  that  we  have  previ- 
ously pointed  out ;  but  even  admitting  that  this  machine  will  not  destroy 
itself,  the  regular  work  that  it  is  capable  of  doing  would  cause  its  rejec- 
tion. It  is  evident  that,  in  a  rock  of  ordinary  hanlness,  the  drills  could 
not  do  more  than  0^.90  without  being  replaced  once  or  twice ;  the  machine 
would  therefore  have  to  be  unscotched  and  driven  back  at  least  the 
length  of  the  work  to  replace  the  army  of  drills  of  which  it  is  composed, 
(this  last  work  does  not  appear  easy  to  do,)  and  again  advance,  scotch 
it,  and  set  it  at  work.  We  have  not  calculated  the  time  necessary  for 
all  these  operations;  but  this  we  do  know,  that  when  the  boring  is  fin- 
ished and  it  is  necessary  to  draw  back  the  machine  for  the  last  time  out 
of  the  galleiy  to  have  space  to  take  away  the  debris,  the  volume  of  thiB 
latter,  broken  up  by  the  powder,  would  not  exceed  2»°.82  cubic.  It  is 
evident  that  under  such  conditions  the  work  performed  would  be  com- 
paratively nothing.  But  it  is  evident  that  the  work  of  the  drills  will  be 
very  irregular  on  account  of  the  nature  of  the  rock  itself,  and  the  un- 
equal wear  of  the  drills ;  consequently  a  few  only  of  the  drills  would 
work  at  a  time,  and  these  would  receive  all  the  blow  of  the  machine; 
under  these  circumstances  they  would  frequently  break,  necessitating, 
as  we  have  stated,  the  frequent  withdrawal  of  the  machine,  which 
weighs  more  than  ten  tons. 

II.— BORING  BY  ROTATIOX. 

We  have  before  pointed  out  the  imperfections  inherent  and  inevitable 
in  the  system  of  boring  by  i)ercussion,  and  however  ingenious  the  com- 
bination given  to  the  apparatus,  we  are  con\iuced  they  are  destined  to 
disiipiK^ir  and  to  give  way  to  the  system  of  rotating  borers,  which  will 
now  be  describtMl. 

The  Ix^rers  by  n>tatioii  are  divided,  like  those  by  percussion,  into  two 
classes:  the  first  comprises  those  worked  by  hand,  the  second  those 
which  retpiire  water,  steam,  or  compressetl  air  as  the  motive  power. 

Among  the  first  we  riMuark  the  borer  of  Lisbet  and  Jacqnet,  Mr. 
Lesi'hot's  iKirer,  coustructtnl  by  Mr.  Pitet.  and  lastly  Mr.  Trouillet's  rota- 
ting excavator. 

IU>RER  OF  LLSBET  AND  JACQUET. 

The  tool  of  this  lx>rer  is  fornunl  of  a  blade  of  corrugated  steel  0».007 
thick  and  On».o;i5  wide,  twisted  like  an  augiT  bit,  so  that  it  draws  from 
the  hole  the  debris  of  the  rvH*k  detachwl  by  the  cutting  end,  which  has 
two  eilges,  making  a  very  obtuse  angle,  like  a  tlrill  for  i^rforating  metals. 
This  tool  ofters  a  ivrtain  iHvuiiarity :  the  drill,  instead  of  advancing 
according  to  the  hanlness  of  the  nn'k,  works  in  the  manner  of  a  screw 
turning  in  a  fixetl  nut,  antl  is  ex|»ecttHi  to  [leoetnite  at  a  certain  rate, 
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irrespective  of  the  hardness  of  the  material  being  bored.  By  this  ar- 
rangement, if  the  rock  is  too  hard  to  be  overcome  by  the  motive  power 
used,  the  drill  either  stops  or  breaks.  The  screw  of  the  drill-carrier  has 
four  threads  per  centimetre,  so  that  the  rate  of  progression  is  0">.01  for 
four  turns. 

The  frame  of  the  drill -carrier  is  ingeniously  arranged,  to  enable  it  to 
be  moved  rapidly  and  to  make  holes  in  all  directions. 

The  support  or  frame  for  this  drill  consists  of  an  upright,  or  standard, 
to  be  sustained  in  the  drift,  or  gallery,  by  steel  points  at  each  end,  one 
of  which  can  be  forced  against  the  roof  by  a  screw,  while  the  other  rests 
upon  the  floor.  The  body  of  this  standard  is  double,  and  so  made  that 
a  sliding-drill  support  can  be  raised  or  lowered  in  it,  and  be  sustained  at 
any  desired  height  by  means  of  pins.  Motion  is  given  to  the  drill  by 
means  of  a  winch  and  ratchet  working  in  the  usual  way. 

Kesult  of  the  experiments.  On  the  11th  May,  1861,  a  commission 
of  engineers  made  some  experiments  with  this  borer,  and  obtained  the 
following  results : 

First  exi)erimeut — soft  schist;  rate  of  advance,  0™.10  per  minute,  in- 
cluding fixing  the  tool. 

Second  experiment — a  little  harder  schist,  about  the  same  rate. 

Third  experiment — sandstone,  coarse  grains,  ordinary  hardness;  rate 
per  minute,  0™.023. 

Fourth  exi)eriment — same  stone,  0™.086  per  minute. 

Fifth  experiment — very  hard  sandstone,  0^.018  per  minute. 

These  experiments  only  lasted  6  hours  and  8J  minutes  for  the  two  first, 
15  hours  for  the  third,  5  hours  and  5  minutes  for  the  fourth,  and  11  hours 
for  the  fifth,  and  the  workman  turning  the  handle  exerted  double  the 
force  of  regular  labor. 

Further  experiments  were  made  in  October,  1861,  at  the  pits  at  Car- 
ling,  (Moselle,)  giving  the  following  results : 

First.  Soft  coal  schist ;  rate,  0"».016  i)er  minute. 

Second.  Or^  houUlier,  compact ;  rate,  0™.05  per  minute. 

Third.  Coarse  grained,  hard  sandstone;  rate,  0™.035  per  minute. 

These  experiments  showed  that  the  advantages  resulting  from  the  em- 
ployment of  Lisbet  and  Jacquet's  borer  were  for  the  second  exjieriment  in 
the  proportion  of  3.64  to  1,  and  in  the  third  experiment  7  to  1. 

The  diflference  of  the  results  obtained  in  the  third  and  fourth  exi)eri- 
ments  of  the  11th  May,  1861,  was,  that  in  the  third  experiment  the  sand- 
stone was  wet,  and  the  chips  and  dust  worked  up  by  the  tool  formed  a 
paste  which  required  the  tool  to  be  often  removed  for  cleaning,  from 
which  it  may  be  concluded  that  the  arrangement  of  the  bit  is  ba<l  for 
boring  holes  in  wet  strata. 

At  Montigny-sur-Sambre,  in  an  experiment  in  ironstone,  the  following 
results  were  obtained : 

A  hole  in  compact  schist  of  0°>.65  was  bored  in  7  hours.  A  hole  in 
compact  schist  of  0">.61  was  bored  in  7.30  hours ;  in  moderately  hard  sand* 
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Stone  of  Oni.31,  in  10.30  hoars ;  in  less  hard  sandstone  of  0».67,  in  10 
hoars. 

Daring  these  trials  the  workmen  made  greater  efforts  than  would  have 
been  made  for  a  work  of  eight  or  ten  hoars. 

In  the  carboniferoas  sandstone  the  trials  were  not  decisive.  In  the 
hard  calcareoas  rock  of  Soignes  the  advance  was  only  0™.013  per  minnte. 
In  the  hardest  coal  grit  the  trials  failed  completely;  the  drill  only 
worked  out  a  small  quantity,  and  became  heated  and  blunted  in  a  few 
moments. 

In  1864,  at  La  Fosse  de  Villare  at  Anzin,  the  borer  was  experimented 
witli  for  two  days ;  two  men  worked  it ;  the  rate  of  advance  was  O^^.OIS 
per  minute,  in  a  pretty  hard  pyritous  rock. 

In  18G4,  at  S^raing,  in  a  block  of  sandstone  of  medium  hardness,  a 
rate  of  0™.017  per  minute  wa«  obtained ;  the  diameter  of  the  hole  was 
0™.04,  and  two  men  worked  the  machine. 

From  what  has  preceded  it  may  be  observed — 

1.  That  the  erection  and  working  of  the  apparatus  require  consider- 
able skill  and  judgment. 

2.  That  in  granular  and  homogeneous  stone  the  borer  acts  well. 

3  That  in  hard  sandstone  and  quartz  it  has  no  action  on  the  rock, 
and  the  tool  wears  up  quickly ;  also  that  it  works  irregularly  in  rocks 
that  contain  masses  of  quartz. 

4.  And  lastly,  that  in  wet  rocks  the  work  is  difficult,  and  the  rate 
scarcely  appreciable. 

LESCIIOT'S  DRILL. 

The  imi)errections  that  Mr.  Losehot,  civil  engineer  and  pupil  of  the 
Central  School,  had  recoguizod  in  the  employ  of  iron  or  steel  in  the  boring 
of  hard  rocks  or  of  metals,  the  drills  softening  rapidly,  and  often  pro- 
ducing only  an  advance  of  ()*".()7  to  0"\1()  per  hour,  gave  him  the  happy 
idea  of  ai>i>lyiug  a  rotating  tool  acting  in  the  manner  of  an  annular 
cutter,  and  in  which  steel  teeth  should  be  replaced  by  diamonds.  To 
accomplish  this,  he  sets  into  a  tubular  washer  or  ring,  Jibout  0™.005  or 
0™.000  thick,  black  diamonds  projecting  0»».()(K)r>  at  the  most,  some  from 
within,  some  from  without,  and  some  in  front. . 

The  opposite  end  carries  an  adjustment  like  a  bayonet  joint,  which 
admits  of  this  crown  being  adjusted  upon  a  tube  as  a  bayonet  is  place<l 
upon  a  gun-barrel.  lie  imparts  to  this  ring  so  arranged  a  rotary  move- 
ment, and  at  the  same  time  presses  it  with  considerable  force  agiiinst  the 
stone  to  be  bored. 

The  first  exi)enments  that  were  made  with  this  apjmratus,  which  was 
mounted  on  a  frame  something  like  that  of  the  Lisbet  borer,  led  to  the 
belief  that  this  new  system  of  boring  the  rock  would  be  a  complete  suc- 
cess. In  a  granite  of  medium  hardness,  two  men  could  bore  0°».025  \iev 
hour;  the  cylindrical  coi^e  left  in  the  center  was  0"».031  in  diameter, 
and  the  annular  groove  0™.043  in  diameter ;  consequently  the  part  pul- 
verized was  equal  to  a  cylinder  0"».012  thick. 
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Unfortunately  experience  has  not  since  confirmed  the  happy  debut 
of  this  apparatus ;  not  because  the  employment  of  the  ring  was  bad,  but 
solely  on  account  of  the  mode  of  advancing  the  drill,  which  depends  on 
the  velocity  of  the  rotation  of  the  cutting  ring.  The  principle  of  this 
arrangement  for  advancement  is  evidently  defective,  for  it  is  impossible 
to  have  a  constant  regular  rate  of  advance  in  rocks  which,  by  their  na- 
ture, are  constantly  varying  in  hardness.  In  the  soft  parts  of  the  rock, 
the  advance  of  the  tool  not  having  been  quick  enough,  it  did  not  pro- 
duce its  maximum  amount  of  work;  while  in  the  hard  rocks,  quartz  for 
instance,  the  advance  was  too  rapid,  and  the  diamonds  either  were  dis- 
placed or  reduced  into  powder. 

TROUILLETS  ROTATING  EXCAVATOR. 

This,  like  the  x>ercus8ion  apparatus  by  the  same  inventor,  is  intended 
to  enlarge  the  lower  portions  of  ordinary  drill  holes  so  as  to  make  cham- 
bers for  the  reception  of  powder.  It  is  similarly  constructed,  except 
that  the  work  is  performed  by  the  rotation  of  steel  cutters,  attached  to 
a  central  stem  or  shaft,  to  which  motion  is  given  by  two  cranks  and 
gearing.  The  weight  of  the  apparatus  is  60  kilogrammes,  and  its  price 
is  450  ftancs. 

DE  LA  ROCHE-TOLLAY  AND  FERRETS  BORING  APPARATUS. 

The  complete  apparatus  of  Messrs.  De  La  Boche-Tollay  and  Perret  is 
composed  of  four  distinct  parts : 

1.  The  carriage  which  bears  the  borer. 

2.  The  motive  power. 

3.  The  borer. 

4.  The  tool. 

Carriage  or  support. — This  borer  is  intended  to  be  arranged  dif- 
ferently, according  to  the  conditions  under  which  it  is  to  work.  WTien 
it  is  intended  to  bore  but  one  hole  a  single  tool  is  used ;  when  the  front 
of  a  gallery  or  a  tunnel  is  to  be  pierced  in  several  points  simultaneously, 
several  boring  machines  will  be  indispensable.  Consequently,  in  each 
particular  case,  the  carriage  or  tool-bearer  should  be  modified  according 
to  the  local  requirements.  We  do  not,  therefore,  enter  into  the  relative 
details  of  this  part  of  the  machine ;  we  will  merely  state  that  Messrs. 
Huet  and  Geyler,  engineers,  have  studied  the  diflferent  arrangements  of 
the  tool-carrier,  and  they  have  succeeded  in  rendering  the  working  of 
the  borer  or  borers  easy  and  quick,  in  permitting  them  to  assume  any 
required  direction  on  the  carriage  which  bears  them,  and  in  giving  an 
arrangement  by  which  the  carriage  or  support  can  be  attached  easily  to 
the  roof  or  wall  of  the  gallery  as  well  as  upon  the  sides,  and  removed 
away  rapidly  to  allow  the  powder  to  be  fired  and  to  carry  away  the 
debris.    This  arrangement  is  shown  by  Fig.  4,  Plate  III. 

Motive  power. — This  hydraulic  motor  has  been  contrived  by  Mr. 
Ferrety  civil  engineer  at  Bordeaux ;  it  is  composed  of  a  horizontal  cylin 
der  bolted  on  the  frame  of  the  borer. 
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This  cylinder  carries  at  its  upper  part  a  nozzle,  to  which  is  adapted  a 
pipe  in  india-rubber,  intended  to  conduct  the  water  to  the  engine. 

In  this  cylinder  a  bronze  tube  is  fitted,  which  we  call  the  regulator. 
This  is  bored  and  turned  with  the  greatest  nicety,  and  is  pierced  with 
portholes  at  the  end.  It  receives  a  reciprocating  motion  from  an  eccen- 
tric, made  of  one  piece,  upon  the  axle  of  the  engine. 

Two  boxes  furnished  with  segments  in  bronze,  pressed  by  st^el  springs, 
maintain  the  regulator  rigorously  in  the  axis  of  the  inner  cylinder,  which 
serves  to  envelop  it.  These  segments  have  the  effect  of  stopping  the 
passage  of  the  water  round  the  regulator  during  its  longitudinal  move- 
ment. 

In  the  interior  of  the  regulator  there  is  a  movable  piston  0™.055  in 
diameter,  furnished  with  capped  leathers,  upon  the  two  ftu?es  of  which 
the  water  alternately  exerts  its  pressure.  The  length  of  stroke  is  0™.12(K 
A  connecting  rod  changes  it  into  a  continuous  rotary  motion  in  connec- 
tion with  a  cranked  shaft  provided  with  two  fly-wheels  acting  as  regu- 
lators. 

In  order  to  ascertain  the  power  of  this  new  motive  engine,  we  took 
300  litres  of  water,  the  pressure  of  whi(»h  varied  from  3  to  9J  atmo- 
spheres, and  we  proved,  by  means  of  Prony's  break,  in  seven  experi- 
ments that  we  made,  that  the  i)ractical  result  of  the  engine  was  47 
to  57  per  cent,  of  the  theoreti(»al  effect.  This  machine  repise'.sented, 
under  the  maximum  pressure  of  9J  atmospheres,  theoretically  3.82  horse- 
power, and  practically  2.11  horse-power. 

We  shall  i)resently  show  that  the  reguhir  speed  of  this  little  machine 
ought  to  be  from  200  to  230  revolutions  per  minute.  This  is  represented 
by  140  litres  of  water  per  minute,  and  a  practical  effect  of  1.70  horse- 
power, the  water  being  at  a  pressure  of  8  atmospheres. 

It  will  at  once  be  seen  what  an  im])ortant  service  this  motive  power 
will  render  when  there  is  a  sufficient  supply  of  water.  For  example,  at 
Mont  Cenks  (Bardonneche)  the  torrent  of  Melzet  has  a  fall  of  45  metres; 
admitting  that  it  is  35  metres  only,  to  give  allowance  for  loss,  it  follows 
that  each  machine  on  Mr.  Pt^net's  principle  woidd  expend  320  litres  per 
minute  for  one  boring  tool ;  thus,  for  the  eight  machines  which  are  at 
work  on  the  face  of  the  rock,  2,r)()0  litres,  or  44  litivs  per  second,  would 
be  required.  The  quantity  of  water  at  present  usini  for  working  the 
compress(us  is  0<M>  litres.  It  will  be  claimed  as  an  advantage  that  the 
compressed  air  serves  to  aerate  the  gallery;  this  is  true,  but  we  find  in 
the  official  returns  that  it  requires  for  working  the  eight  boners  6,250 
cubic  metres  of  air  for  24  hours,  while  2,100  cubic  nu^tres  is  sufficient 
to  renew  the  air  vitiated  by  the  fifteen  nu»n  at  work  in  the  head  of  the 
gallery,  it  is  also  true,  that  they  have  sought  to  establish  the  fact  that 
the  balance,  4,000  cubic  nu^tres,  w(»re  n(»cessary  to  expel  the  noxious 
gasi's  pro<luced  by  the  explosion  of  the  powd(»r ;  but  practice  has  proved 
that  much  more  powerful  and  altogether  artificial  means  were  nHpiired 
for  this  puriM>se.    It  would  api>ear  to  us  more  rational  to  employ  a  part 
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of  the  566  litres  remaining  to  work  a  Perret  macbine  to  drive  an  air  ven- 
tilator. We  ought  also  to  add  that  the  erection  of  the  compressors  and 
their  buildings  at  Bardonneche  has  cost  1,250,000  francs,  and  three- 
fourths  of  this  exi)ense  woiUd  have  been  saved  by  the  employment  of 
Mr.  Ferret's  machine. 

The  boring  machine  of  Mr.  Perret  is  composed  of  a  six-sided  cast-steel 
shaft,  1™.45  long,  bored  throughout  its  entire  length  with  a  hole  0^.016 
diameter.     This  axle  receives  the  boring  tools  at  one  of  its  extremities. 

The  other  extremity  of  the  axle  carries  a  bronze  piston  0">.ll  diame- 
ter, upon  which  the  requisite  pressure  is  exerted  for  maintaining  and 
pressing  the  drill  against  the  face  of  the  ro<*k.  This  pressure  is  varied 
according  to  the  hardness  or  the  nature  of  the  rock.  A  pressure  of  eight 
atmospheres  is  abundantly  sufficient  for  boring  hard  rocks,  such  as  the 
quartz  of  Mont  Cenis  and  the  granite  of  the  Pyrenees.  The  pressure 
should  be  diminished  for  calcareous  rocks  to  five  or  six  atmosi)heres  at 
most.  Thus,  with  a  pressure  of  eight  atmospheres,  the  effort  un  the  drill 
is  equal  to  784  kilogrammes. 

The  water  employed  to  act  against  the  piston  of  the  propeller  is  con- 
veyed by  an  india-rubber  hose,  the  extremity  of  which  is  provi(le<l  with 
a  cock  to  regulate  the  pressure  as  may  be  required. 

To  remove  the  perforating  tube  after  a  hole  has  been  cut,  the  passage 
of  the  water  to  the  cylinder  is  intercepted  by  a  cock,  and  the  flow  is  <li- 
rected  against  the  front  face  of  the  piston,  admitting,  at  the  same  time, 
of  the  cylinder  being  emptied.  In  this  manner  the  tube  can  be  rei^laced 
with  the  greatest  facility. 

The  perforating  shaft  is  fitted  on  the  inside  with  a  bronze  frame,  accu- 
rately bored  to  a  depth  of  1™.14,  for  the  propelling  piston  to  work  in. 
Holes  fix)m  0°».90  to  1°».00  deep,  and  from  0">.035  to  0n>.06,  can  be 
bored  by  this  machine. 

The  tool-bearing  shaft  traverses  an  iron  socket  held  between  two 
bearings  arranged  in  front  of  the  framing.  The  so<*ket  is  provided  with 
a  bevel  pinion,  to  which  motion  is  imparted  through  the  medium  of  an 
inclined  shaft  by  a  brass  wheel  keyed  on  the  main  shaft. 

From  the  foregoing  it  will  be  seen  that  in  order  to  apply  this  l>orer  to 
the  Mont  Cenis  works,  it  should  have  a  piston  0»n,16  diameter,  since  the 
pressure  of  the  water  there  is  only  3J  atmospheres. 

The  perforating  tool  made  use  of  until  recently  by  Messrs.  I>e  La 
Roche-Tollay  and  Perret  is  the  Le^iot  ring  previously  destrrilHMl,  but 
there  are  still  some  points  to  b^  explained  to  complete  the  information 
relating  to  this  kind  of  drilL 

It  is  understood  that  after  the  ring  has  been  attached  to  the  six  sided 
perforating  shaft,  if  it  is  rotated  at  a  sikmhI  of  about  two  hundred  revolu- 
lutions  i)er  minute,  by  the  effect  of  pressun^  exerted  on  the  pn)iR*ller 
piston,  the  black  diamonds  brought  in  contact  with  a  softer  substance 
will  cut  and  wear  it  to  an  extent  which  will  de|)end  on  the  pressure  on 
the  pLftton  and  the  hardness  of  the  rock.    By  continuing  this  labor  the 
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gi*oove  can  be  made  to  a  great  depth,  and  the  cylindrical  core  which  re- 
mains attached  to  the  rock  enters  the  hole  through  the  axis  of  the  tool- 
carrier.  When  the  operation  is  terminated  the  core  is  taken  out  in  the 
sha]>e  of  (piit^  a  regular  cylinder,  which  only  breaks  when  the  rock  is  of 
a  brittle  nature,  or  ha«  been  pre\iou8ly  cracked.  It  is  evident  that  the 
use  of  this  cutting  ring  saves  considerable  power,  since  a  part  of  the  rock 
is  not  pulverized.  In  the  example  which  we  have  given  in  deKcribing 
the  Leschot  perforator,  the  eiibit  was  only  G1.441  tons  per  hour,  while 
it  would  have  been  204.5  tons  if  the  entire  matter  had  been  pulver- 
ized. The  ring  employed  by  Messrs.  De  La  Roche-Tollay  and  Penret  i» 
only  0™.035  outside  diameter,  and  the  core  worked  was  0™.014  in  diameter. 

Cost  of  the  tools. — We  will  now  reply  to  an  objection  which  ha« 
been  raised  afl  to  the  price  of  the  tool.  It  is  true  that  when  the  ring  was 
first  used  a  difldculty  existed  in  the  sele^^tion  of  the  diamonds,  which, 
from  the  nature  of  their  cleavage,  would  be  the  most  servicwible.  The 
setting  was  not  always  performed  as  solidly  as  could  be  desired ;  hot 
these  difficulties  have  disappeared.  We  have  examined  two  rings  which 
were  worked  for  seven  months  at  the  Exposition,  and  which  have  pe^ 
fectlv  resisted.  We  believe  that  we  can  affirm  that  in  a  hard  stone  like 
granite,  a  ring  properly  worked  will  cut  holes  to  an  aggregate  depth  of 
150  metres.  A  ring  for  boring  holes,  0»>.03G  diameter,  cost.s  about  150 
francs,  but  as  the  black  and  oi>aque  diamonds  used  in  its  construction 
are  ordinarily  employed  in  the  shape  of  dust  for  iH)lishing  transparent 
diamonds,  and  as  their  wear  during  the  act  of  perforation  is  very  slight, 
they  can  be  extracted  from  the  socket  in  which  they  ai'e  set,  and  be  re- 
turned to  the  trade  with  a  depreciation  proportionate!  only  to  the  diminn- 
tion  of  weight.  The  diamonds  extracted  from  a  worn-out  ring  generally 
fetch  from  seventy  to  eighty  francs — that  is  to  say,  about  one-half  of  their 
first  cost. 

Tlie  following  are  the  results  of  the  exi>eriments  made  during  the  Expo- 
sition. The  jiressun*  on  the  propelling  piston  was  eight  atmospheres,  and 
the  Sliced  varied  from  two  hundred  and  fifty  to  two  hundretl  and  eighty 
revolutions  per  minute. 

Advance  i)er  minute :  In  the  jmi^e  Mont  Cenis  quartz,  0".054 ;  in  the 

Morvan  poq)hyries,  0"».(>42 ;  in  granite,  0™.050 ;  in ,  0™.018 ;  in 

very  hard  calcareous  dolomite,  0">.080. 

The  holes  were  perfectly  regular,  and  l>eing  so,  were  well  adapte<l  to 
the  use  of  i)owder  (»artridges,  which  are  much  less  dangerous  than  the 
onlinary  use  of  iK)wder. 

As  the  i)ressure  of  the  water  injected  into  the  hole  through  the  hollow 
is  the  same  as  that  acting  on  the  piston,  the  i)owdered  debris  are  washed 
away  with  the  greatest  facility. 

The  hydraulic  engine  and  the  perforator  have  worked  everj^  day,  during 
four  hours,  in  a  period  of  seven  months,  without  necessitating  any  seri- 
ous repairs.    The  most  important  were  reimiring  the  piston-head  bear- 
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of  th«  water  piifptic  ami  verifyiug  tim  state  «f  the  M>gmt;iilH  bi^oug- 
to  tbo  engine. 

The  weight  of  the  «iitm>  ajipanilus  ia  eiqual  to  that  of  tho^e  ii«p<i  «t 
t  CeniN,  viz:  about  two  biiiulretl  kilogrammf a ;  its  priee,  iuclniling 
Pnginf,  but  without  iho  i*u|iiMin.,  is  2,5(10  friincs. 
W«  cAUiiot  ii.-fruiii  IVoin  milking  a  uonipanKon  iM-twcvn  thiH  jierforator 
th*  "lie  emplyywl  at  Mont  Coiiis.  lt«  nolidity,  proved  by  wnvii 
■OHmtbs'  work,  gives  the  tvssiirHuce  that  twenty  to  twenty-two  of  these 
perforators  would  be  sntticient  for  the  hea<l«  of  l»<>lh  galleries,  Jntiliiiling 
ilii|ilieates,  insteail  of  at  least  two  hundred  and  twenty  act iially  exiBtiiig. 
Mr.  Soiiiineilier's  |>erforatora  rost  the  Aitiim  h»  those  of  MuBsrN.  De  La 
ItiH'he-Tollny  and  I'eiTet.  Tlie  hIaIT  woald  Ix!  foor  times  h<HH,  for  one 
Tiiiin  can  eanily  attend  four  perforators ;  thus  four  men  instead  of  sixt**u 
would  sutbce  for  tweuty-four  honrw  at  the  two  gallejien. 
!P)e  repniru  to  the  ring»  re(|iiiro  neither  forges,  lathes,  or  workttho]»(; 
"  we  are  (Kinvince*!  that  a  workman  to eiioh  gallerj'  would  be  suftteimt 
the  reimira  of  all  the  peiforators.  We  have  intatMl  that  the  rate  of 
ndvaiiee  in  the  Mont  Cenis  (juart^  was  0".0.'i4  per  utinnte,  under  a 
preasnre  of  874  kilogramniea  on  the  propelling  piston ;  tliert^^fore  a  bole 
.tfOconhl  have  been  driven  in  16  minute's,  say  20,  and  a»  t-wb  perfo- 
rr  ^ould  make  10  holes,  say  3^  hours,  evt-u  doubling  thin  time  for 
ing  the  work,  it  will  be  seen  that  live  slopes  can  be  done  in  two 
t9,  iiiclnding  tlie  time  for  hliutting  and  elearing  awny  the  debris, 
;b  in  wiiiivalent  to  an  advance  of  2™ ,25  pei-  diem,  instead  of  barely 
»,  the  actual  rate  of  advance. 

lie  apparatus  itf  >te8srs.  De  La  Roche- Tollay  an<l  Perret  is  not  sub- 
JMtod  lo  any  shot^k ;  the  pressure  is  exert«<i  on  the  roek  irre*(i>eetivc  of 
the  i!|wed  of  the  tool,  and  such  pressure  can  l>e  regulaltd  n«  muy  be  de- 
■Ired;  and  wbcu  water  power  is  obtninable,  whieh  is  genrrally  the  ca^e 
lines  and  tunnels,  the  motive  power  actually  costs  nothing. 
■.  PejTet's  Hiacliine  can  also  be  workeii  by  compressed  air,  and  for 
it  would  be  autQcient  to  add  a  hydraulic  accumulator  to  the  [ler- 
itor  rarriage  Such  an  accnmnhitor  would  be  but  small  since  the 
*  of  water  rdpiired  for  lulvandng  tlie  piston  one  metre  Is  9J 
it  would  Uv  sufficient  to  add  two  or  thriM- litres  per  bole,  oue  m«tn> 
for  washing  out  the  holes. 

lU.— COAL-CUm>'U  MACHiSKS. 

!be  two  machines  about  to  be  described  an-  inli'uded  fur  use  in  Foal- 
I,  for  undercutting  or  blocking  out  coal.    One  is  the  invention  of 
I,  Jones  and  Lcvlck;  thL'o(her,ofMe«arB.Carretf,  Marshall  &  Co., 
IngUtid. 

JUNKt!  ANIi  LKVICK'S  MACIIINE. 
i»e  is  cuiu|K»>ed  uf  twoiUsiiuct  parts — the  Qritt  tor  catting  or 
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Striking  the  coal ;  the  second,  the  motive  power  which  supplies  the  com- 
pressed air. 

This  coal-getting  machine  may  be  said  to  be  a  miner's  pick,  actoated 
by  compressed  air.  It  is  represented  in  section  by  Fig.  5,  Plate  III.  A 
is  a  cylinder  in  which  the  piston  B  works,  and  the  hollow  stem  of  which 
carries  at  its  extremity  a  connecting  rod  C,  driving,  by  means  of  an  arm 
D,  the  shaft  E,  to  which  the  pick  a  is  affixed.  This  shaft  E  is  held  be- 
tween two  species  of  lugs  F  attached  to  the  cylinder  G. 

In  order  to  give  to  the  pick  a  any  requisite  position,  the  workman  has 
only  to  turn  the  hand- wheel  m;  the  pinion  n  keyed  on  the  same  shaft  as 
the  hand- wheel  and  gearing,  into  a  wheel  h  cast  with  or  attached  to  tiie 
cylinder  G,  carries  with  it  this  cylinder,  which  rotates  freely  in  two  col- 
lars 1 1  fixed  to  the  carriage  on  which  the  cylinder  A  is  fixed,  thus  the 
pick  a  fixed  on  the  shaft  E  will  assume  any  position  which  may  be  re- 
quired, and  will  be  maintained  in  such  a  position  by  a  bolt  traversing 
one  of  the  holes  in  the  wheel  wi.  A  very  ingenious  arrangement,  which 
we  describe  below,  admits  at  the  same  time  of  the  pick  being  brought 
back  automatically  in  case  it  experiences  any  resistance  before  having 
come  to  the  end  of  its  stroke. 

We  have  mentioned  above  that  the  piston  rod  is  hollow.  A  small  rod 
M,  bearing  a  tappet  at  eaeh  extremity,  enters  the  said  hollow  part,  and 
an  ellipsoidal  piece  P,  of  cast-iron  or  brass,  slides  without  friction  on  the 
rod  between  these  two  tappets. 

The  rod  M,  at  its  free  end,  is  connecte<l  to  one  of  the  arms  of  a  lever, 
the  fulcrum  of  which  is  at  o,  and  the  other  arm  actuates  the  rod  N  of 
the  slide  H. 

A  hand-lever  S  is  arranged  so  as  to  work  the  slide  by  hand. 

Supposing  that  the  piston  is  in  the  i>08ition  represented  by  the  figure, 
the  compressed  air  enters  at  K  and  drives  the  piston  in  the  dire^stion  of 
the  arrow,  and  the  pick  strikes  the  coal  to  be  broken  up.  If  now  we 
suppose  that  the  pick  is  arrested  before  the  piston  has  finished  its  stroke, 
the  cylinder  P,  moving  forward  by  the  impulse  imparted  by  the  piston 
B,  will  continue  to  advance,  and  will  strike  the  tappet  and  the  rod  M, 
moving  in  the  direction  of  the  arrow,  which  will  alter  the  position  of  the 
lever  o,  so  that  the  introiluction  of  the  compressed  air  will  take  place  at 
L,  and  the  pick  a  will  be  brought  back  out  of  the  groove.  When  the 
machine  is  at  work  a  sharp  knock  is  distinctly  heard  at  each  stroke  of 
the  piston,  ciiused  by  the  motion  of  the  piece  P. 

This  machine  is  mounted  on  a  C4irriage  or  truck  with  four  wheels,  and 
has  an  extended  cast-iron  platform  T  in  the  rear,  for  the  man  that 
works  the  machine.  A  crank-pin  on  a  fiy-wheel  R  actuates  two  bevel- 
wheels  W,  for  moving  the  machine  back  or  forward  on  the  rails  of  the 
gallery. 

The  handling  of  this  machine  is  very  simple.  The  workman  on  the 
platform  turns  the  wheel  m  so  as  to  bring  the  pick  into  the  proper  direc- 
tion; he  then  oi)ens  the  cock  admitting  the  compressed  air,  and  admits 


e  air  into  the  cyliiulcr  A,  b,v  wnrkinjr  ttit-  Hiide  witli  tlie  luvvr  S.  The 
mnrhiiK^  being  than  set  in  motion,  il  is  merely  rec|ui«ite  to  move  it  for- 
n:ird  by  Dieaus  of  tlie  wtieel  B  to  follow  np  tbe  work  rlonr  l>y  the  piek. 
Tin*  iiir,  on  leaving  the  eyliniler,  ewaiieM  frt'uly  into  tlie  galler>'. 

We  »nhjoin  llit^  n>:«ciltA  of  t»'o  experiments  uiadt-  by  ihin  mocJiiue  in 
^iro  mlue.i  III  Flii^lauil. 

H  Iti  tlie  Iligli  ICoyd  colliery,  in  a  Ikurd  conl,  und  iu  a  ^^dlerj'  iti  wbivh 
Mile  mils  were  in  a  bad  state,  with  an  air  jirefwiure  of  from  i!  to  2j 
atinositlieres  and  70  to  80  blows  i^r  minnte,  the  average  hour's  work 
of  the  maehlne  was  a  channel  from  8".20  to  S'-'.IS  long  and  IVom  O'-.flO 
tti  1  "'.(lO  deep,  inclnding  stoppages.  The  width  at  the  bottom  was  «"".(i;J7, 
and  on  the  lace  0"'.08.  Dui-iug  10  houiV  conseeutive  work  tlie  wurk 
prmiiieed  l>y  this  machine  wkk  et^nal  to  that  of  20  miners  daring  the 
aann-'  time ;  and  it  api>eara  that  the  cunuumption  of  air  is  equal  to  about 
^^BDnHi-power. 

^H  CARRETT,  MAKSHALL  4.  CO.'!*  COAL-CinTINQ  MACHINE. 

^Hlfesxrs.  Garrett,  Marshall&Co.'iinia(:hine  workx  like  ahand-plaiie, and 
^Kactuivt^d  by  water  at  a  presHiire  of  twenty  ntmosplieres.  It  it*  eom)>OHed 
^Ba huriKontal  eyliude-T  A, ( Pig, (i,  Plate  11 1,) in  which  the  propclliu;^  |)i!«loii 
^fcirks.  To  the  rod  of  Mils  piston  ia  iittitebed  u  bar  AI  M,  InrnlMheil  with 
^Mel  kiiJves  ecc  placed  about  oisteen  inchej*  apart.  A  vertical  cylinder 
^Bis  connected  with  the  precepting  one,  and  its  piston  is  proviiled  with  a 
■H,  oD  the  extremity  of  which  in  tixed  a  tapi>et  or  wedge  C  lu  sucli  a 
^Bteltftr  as  to  turn  nmund  the  i>oiut  on  which  it  i»i  rtuispeiided.  Uy  meanis 
HEs  Kpocial  combiiiiitiou  of  the  distribnting  slide  and  a  four-ways  eoek, 
^Bb  water  is  let  on  alternately  and  simHltamHiuslyuu  the  fiiees of  the  two 
^raiDder  pistons  in  such  a  manner  that,  while  the  knives  ecc  are  work- 
^b^  tbe  wedge  C  Iteiirssollitlyaf.'ainst  the  roof  of  the  gallery' and  Matches 
^Htt  luachiue  on  the  railn.  On  the  contrary,  when  the  knives  are  retreat- 
^Kg  the  pi«ton  of  the  vertical  e.vtiudcr  dcsv^'ends,  tlie  wedge  abandon:*  itx 
Hilt  poedtiou.  and  the  m:u.'hine  is  unscotched  and  move«  forward.  The 
^Brizontal  cylinder  can  turn  between  the  wheels  of  the  carriage  m>  as  to 
^H^c  either  to  the  right  or  to  the  left. 

^^HiMe  two  cylinders  and  [listomt,  with  their  uccompimying  parts,  re«it 
^^■wi  Iron  numiug,  which  can  tie  raised  i)r  lowered  on  slides  Hxed  to  the 
^^Bt0  of  the  carriage  by  mt^uins  of  tterews. 

^^BSie  angle  at  which  the  iustrunieiit  works  iu  the  guUcrii'  can  tie  v]irie<l 
^HneHiut  of  the  pinion  (!  and  the  semicircular  rack  U.  The  nntit  I  I 
^■ibrd  the  means  of  regulating  the  inclination  of  the  knife-carrier  M 
Hub  rrajiect  to  the  bn>ai4t  of  tlie  4Mit. 

^^ffhc  machine  workx  In  the  following  manner:  The  water  comes  up  to 
^^Kdlstrilniting  valve,  m^U  on  the  piston  of  the  preits  B.  and  drivrK  lh« 
^^KN!t or  wedge  agutnsl  therottf.  Duiingthis  time  the  water  also  amvea 
^^fcftbBOk  of  the  piMon  of  the  eriiuder  A,  and  the  cutters  move  for- 
^^H^HU  earh,  which  gives  a  loinl  depth  of  1°>.:*t>  ot  ciilting  in  tb«! 
^^^^^^^B  Stroke      the  piston. 
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When  the  tools  have  reached  the  end  of  their  stroke  the  water  pene- 
trates above  the  piston  of  the  press  B  and  onscotches  the  wedge  C,  while 
the  piston  of  the  cylinder  A  and  the  tools  return.  Daring  this  time  a 
special  mechanism  turns  the  ratchet  H;  the  machine  draws  on  the  chain 
K,  and  advances  the  requisite  distance  to  take  a  new  cut. 

According  to  the  statement  of  Mr.  Louis  Perret,  engineer  at  Paris, 
Messrs.  Garrett,  Marshall  &  Go.'s  agent,  this  machine,  working  at  the 
rate  of  fifteen  strokes  of  the  piston  per  minute,  requires  three  horse- 
power. One  hour's  work  produces  a  cut  1™.20  deep  and  13™.50  to  15™.0U 
advance.  The  consumption  of  water  is  135  litres  per  minute  at  a  press- 
ure of  twenty  atmospheres.  The  weight  of  the  machine  is  about  one  ton. 

This  machine  does  not  make  vertical  cuts.  When  the  cuts  have  been 
run  successively  at  the  roof  and  at  the  foot  wall  of  the  gallery,  the  coal 
is  hewed  down  between  these  two  parallel  faces.  According  to  Mr.  Per- 
ret, the  economy  of  waste  is  estimated  at  one-fifth,  and  the  coal  got  is 
worth  twenty-five  per  cent,  more  i)er  ton. 

This  machine  is  working  regularly  at  the  Eippax  colliery,  near  Leeds, 
in  several  Scotch  mines,  as  well  as  in  the  counties  of  Northumbexland, 
York,  and  Stafford.    It  can  be  worked  by  a  man  and  a  boy. 

The  use  of  this  kir\ing  machine  is  not  exclusively  limited  to  coal- 
getting;  it  can  also  be  employed  in  iron  and  copper  mines,  freestone 
quarries,  and  generally  in  all  rocks  which  can  be  easily  cut — provided, 
however,  such  places  have  a  good  solid  roof  to  which  the  machine  can 
be  attached  by  means  of  the  wedge  or  tappet  at  the  top. 
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CHAPTER    III. 

PNDERGKOUND    TRAS[.MING  —  HOISTING    AND 
PUMPING    ENGINES. 


lODCCTORV — TitAXSKlRTATKtN  rNIIERGltOVNI);  TtUMMIKO — GVIUR'S  LCKKtrATlXG 
8~KXAMI-LES  or  t<XIiKI»if|iit:Xti  l-BAWaWHtlilloS— UliimiSO  UNulStES  — 
H-MtAKK.S — DUMKI'KK  OF  VTIXDINIt  tlUVM — IKON  MRRIKKtl — rCMnXU  4XD 
CWU   U*C1lt.-<KI(Y— COUM»N    IMCLKKS— OKniNAKT   PrMPIXG  KSIilXKft— ttilSISO 

it  Bv  iiriiiKi)  KitiuuEs— CnAi>'  PUMP— KrsjiiAN  pvmp. 
INTRODUCTORY. 
Uthongh  few  nf  tlie  uinctiiiicH  in  thja  t']iisn  nt  the  B?q>osition  of  l&(i7 
Rid  be  regjirded  an  new  itivt-utiuiis,  moat  of  tlKHii  having  bwii  known 
i  used  ill  one  form  or  iiiiotliLT  for  a  long  time,  great  iniin-oveiiients 
i>  Khowii  ill  their  eonstruetion  and  iulaptatiou  to  the  increased  dnty 
aired  of  them  in  the  pitiaont  advanced  state  of  mining  industry, 
rapid ly-iiicreatti II g  ]imdnetioii  Of  the  ronl  mincK  of  Orent  BrilHin 
find  the  (Continent  1ih»  iioeessitat^d  gre»t  improvements  in  the  methods 
it  ixanHporttition  iiudei-groiiiid.    The  wugoiis  nseil  for  the  piiiiMist!  and 
iln-ir  riiniiiiig  geur  lire  no  longer  roughly  :tnd  rudely  constructed,  Imt 
'  itsv  iniule  witli  great  eare.    Tlie  wheels  are  accurately  made,  well  lH)ivd, 

Ifi  fitt«d  with  careftiily-tuvned  axles,  and  these  are  kept  well  Inbriciited 
Hi  greAse-boxea,  so  as  u>  pi'eveiit  \<t»e,  of  i>ower,  wear,  and  taction.    lu 
BU)  of  the  coal  mines  in  England  men  and  horses  for  drawing  the 
Hied  e,ar8  have  been  rephiciHi  bj'  steam-engines,  wbieh,  by  means  of 
blua,  givu  motion  to  twenty  or  tbii'ty  wagons  at  one  time. 
Ib  hoiftting  (;oal  or  ores  fhiin  miiieB  vei'y  great  iiii|)rovementa  have 
been  made  in  the  en^iiiejt  and  iu  tlic  eage»  or  [>tutform»  fur  the  wagonx. 
K.\  lueaurt  of  properly 'guided  cugea  over  four  times  lui  much  mut«riul 
^SOa  be  THlse*)  now  in  ii  given  time  a»  wuk  formerly  possible.    Tliii*  is 
HBMOiii pushed,  nut  only  by  iucreoMing  the  cpiantity  or  weight  bnisUKi  at 
^Hpt  time,  lint  by  inereuHing  the  re/oci'fy  of  movement,  wliieb  is  render^ 
^^iiHttibli'  l»y  tlie  improvements  in  the  hoisting  eagintu),  and  by  the  appli- 
nnecs  lo  preveul  act^ideuts,  such,  for  example,  OS  jHiwerf^d  steam-brukes, 
IKtruehiitBH,  and  other  rx^ntrlvniicet^. 
MitcbineH  tiave  been  inttde,  as  is  well  known,  to  convey  niiurrK  Ib^in 
Httf  HurfAee  tu  the  Ixillom  of  the  minos,  or  the  revenue  with  safety  and 
^^■pedition, and  inthont  exertion  or  fati^u^  on  their  pitrU    MreHt  ebnngv;* 
^^n|v  Iteun  mmle  in  the  methods  of  ainhiug  shulbi,  and  in  Ibe  ttHiIn  fur 
^^^KHiriHMte,  and  in  miu-biiies  for  pninpiug,  ventiiaUujt.  ami  fur  driilinafl 
^^^^jnuing  rucks  und  excavating  roaJ.  ^^| 
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I.— TEANSPOETATION  T7NDERGEOTJND— TRAMMING. 

EVRAR'S  LUBRICATING  BOXES. 

This  is  a  contrivance  for  supplying  oil  in  moderate  and  regular  quan- 
tities to  the  journals  or  bearings  of  the  wheels  of  wagons  for  under- 
ground tramming,  and  for  excluding  all  grit  and  dirt  from  the  bearing 
surfaces.  The  wheels  are  supported  by  journals  J  J,  (Fig.  1,)  working 
in  a  hollow  cylinder  or  box  a  extending  across  the  bottom  of  the  car.  This 
cylinder  is  calibered  at  each  end,  for  one-third  of  its  length,  for  the  recep- 
tion of  the  journal.  The  middle  third  of  the  cylinder  is  left  rough,  and 
receives  an  oil-box,  which  may  be  filled  through  a  hole  in  the  cylinder, 
closed  by  a  screw  «,  with  a  conical  point  which  enters  the  oil-box  and 
nearly  closes  the  hole  in  it,  leaving  only  a  small  ox>ening,  through  which 
oil  can  exude  in  small  quantities  whenever  a  bubble  of  air  enters.  The 
journals  are  retained  in  their  places  by  caps  c  e,  fixed  to  the  truck  and 
fitting  over  the  ends  of  the  cylinder  and  catching  upon  a  shoulder  left 
upon  the  ioumal. 

Fig.L 


,N\^-.,\'^\'"«J:^<%>«1;:^      ;>;.^N,^;  :,-*;-s.^\^m  s.\r- 


Evrar'B  Self-labricating  Axle. 

Axles  of  this  kind  used  u^ion  wagons  at  the  mines  of  the  Vicargne 
Company  consume  a  decilitre  of  oil  in  running  an  aggregate  distance 
of  150  kilometres — about  62  miles.    Oil  is  renewed  every  fortnight. 

Examples  of  underground  transportation. — In  most  of  the 
coal  mines  of  England  the  regularity  of  the  strata  is  such  that  a  shaft 
may  be  used  for  a  long  time  for  the  extraction  of  an  enormous  amount 
of  coal  brought  to  the  shaft  from  great  horizontal  distances  below.  It 
is  not  unusual  to  see  in  Great  Britain  shafts  from  which  600,  1,000, 
1,200,  and  even  1,500  or  1,000  tons  are  extracted  in  twenty-four  hours. 
Such  an  amount  of  work,  extending  over  great  periods  of  time,  requires 
all  the  part^  of  the  shaft  to  be  constructed  in  a  solid  and  permanent 
manner.  In  France  the  formations  are  generally  more  broken  and  dis- 
located. 

For  the  conveyance  of  such  immense  quantities  of  coal  to  the  shafts 
it  is  necessary  to  use  power  greater  than  is  afforded  by  men  trundling 
the  wagons  in  the  usual  way.  The  coal  is  loaded  into  wagons  contain- 
ing from  350  to  450  kilogrammes  each,  and  five  or  six  of  these  wagons 
are  then  formed  into  trains,  which  are  drawn  by  horses  to  the  main 
tram-ways,  which  vary  in  length  from  a  few  hundred  yards  to  even  a 
mile. 

Tram-ways  may  be  divided  into  three  classes :  first,  tJiose  in  which 
the  slope  towards  the  shaft  is  sufficient  for  trains  to  descend  by  their  own 
gravity,  and,  in  descending,  to  draw  up  t>«'  t  afi0oiid|  thoae 
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in  which  the  grade  is  ivversed,  and  snfflcient  to  permit  the  empty  trains 
to  descend  from  the  shaft  to  the  end  of  the  road  by  their  own  gravitj- ; 
third,  those  in  which  the  bed  or  grade  is  horizontal,  or  nearly  so,  neces- 
sitating jiower  for  the  movement  of  the  tniins  either  way, 

In  the  second  class  the  loaded  trains  are  usually  drawn  up  toward  the 
Hhaft  by  means  of  a  cable  wound  npon  a  dram  by  a  steam-engine,  while 
the  empty  cars  are  lowered  by  a  cable  nnwinding  from  the  same  drum. 
In  the  third  class  an  endless  rope  or  cable,  which  traverses  the  galli'r>' 
along  the  track  between  the  rails,  is  moved  by  an  engine,  and  the  trains 
are  coupled  to  this  moving  rope  and  so  carried  to  their  destination.  A 
few  details  npon  this  third  class  of  tram-roads  may  be  desirable.  It  is 
understood  that  a  double  track  is  laid  on  the  levels  where  this  method 
of  moving  the  trains  is  nsed.  The  general  arrangement  of  the  cables, 
the  engine,  &c,  are  shown  by  Pig.  2. 

The  driving  engine  is  gen-  Fig.  8. 

erally  placed  in  a  recess  cut  at 
one  side  of  the  gallery,  and 
near  an  air-shaft,  by  which  the 
smoke  from  the  furnaces  can 
escape.  The  cable  is  wonnd 
upon  a  drum,  and  is  supported 
throughout  its  course  by  hori- 
zontal rollers,  and  in  the  curves 
is  guided  by  vertical  rollers. 
At  the  ends  of  the  route  the 
cable  turns  upon  drums  placed 
between  the  tracks,  the  diame- 
ter of  which  is  equal  to  the  dis- 
tance from  the  center  of  the 
roads.  In  some  cases  the  ca- 
bles run  for  a  part  of  the  dis- 
tantre  underground.  In  order 
to  sei-ure  a  proper  tension  of 
the  cable,  it  is  passed  over  a 
pulley  upon  a  movable  frame, 
counteriMiised  in  such  a  way  as 
to  take  lip  the  slack  of  the  ca- 
ble and  give  a  constant  ten- 
sion. The  cable  travels  con- 
stantly in  one  direction,  and 
thus  moves  o;)posit6  ways  npon 
the  two  tracks.  Trains  of 
twenty  or  thirty  wagons  are 
moved  by  this  arrangement. 

in  some  mines  the  engine 

■>  established  on  the  surface,         Trunming  by  ate»iii  power  UDdeignmud. 
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and  the  cable  was  guided  to  the  bottom  by  pulleys  and  sheaves;  this  was 
the  first  plan  adopted,  but  it  occasions  too  much  friction  and  wear  of  the 
rope,  and  now  the  engine  is  always  placed  underground. 

To  start  or  stop  the  trains  it  is  not  necessary  to  stop  the  cables.  There 
is  a  conductor  in  the  first  wagon  of  each  train.  When  he  wants  to  put 
the  train  in  motion  he  lifts  up  the  cable  with  a  hook,  makes  it  pass  along 
a  wooden  block  fixed  under  the  wagon,  and  by  means  of  a  lever  he  brings 
forward  a  wooden  wedge  which  squeezes  tbe  cable  against  the  wooden 
block.  Cable  and  wagon,  being  then  connected,  move  together.  By 
maneuvering  his  lever  the  other  way,  the  conductor  disconnects  the  rope 
and  stops  the  train.  When  the  train  arrives  opposite  the  machine,  or 
where  the  cable  runs  underground,  the  conductor  loosens  the  rope  and 
the  train  runs  alone.  The  momentum  cames  the  tniin  up  to  the  point 
where  the  cable  reappears;  the  conductor  then  again  connects  the  rope 
to  the  train  as  before. 

In  the  coal  mines  of  Pelton  the  principal  road  is  1,500  metres  in  length 

It  is  partly  horizontal  and  partly  on  a  slope  of  five  degrees.  The  driving 

cable  is  0™.022  in  diameter,  its  running  speed  is  6™.00  per  second,  and  it 

carries  a  train  of  30  wagons;  the  width  of  the  rail  is  0".60 ;  the  strength 

of  the  motive  power  is  40  horse-power;  and  the  cable  transports  52  trains 

in  12  hours,  representing  a  duty  of  560  tons  of  coal. 

FraDCt. 

The  labor  costs 13. 50 

Coal  (refuse)  for  fuel,  6  tons  at  3  francs 18. 00 

Repairs,  interest,  &c 76. 50 

Total 108. 00 

Which  represents  a  ox)st  of  0.137  franc  per  ton  per  kilometre.  Under 
the  most  favoi^able  conditions  transportation  by  horses  costs  0.21  franc 
per  ton,  and  by  trammers,  0.67  franc. 

II.— HOISTING  ENGINES. 

The  hoisting  engines  exhibited  in  the  palace  of  the  Champ  de  Mars 
were  all  double-cylinder  engines,  acting  directly  on  the  drum  or  reeL 
This  style  now  predominates  throughout  the  mining  regions  of  England, 
France,  and  Belgium. 

Iloisting  was  formerly  done  at  a  verj^  low  speed,  and  consequently  the 
drums  turned  very  slowly.  To  run  them  directly  by  the  engine  would 
have  required  very  heavy  machinery,  and  considenible  exi)ense  to  put 
them  up.  Practice  gradually  proved  that  engines  of  comparatively  small 
power  could  be  conveniently  run  at  high  speed.  Such  small  hoisting 
engines  were  from  thirty  to  thirty-five  horse-i)ower.  They  were  quite 
light — ^had  only  one  cylinder — but  could  be  run  three  or  four  times  as 
fast  as  the  dram,  which  was  geared  by  a  cog-wheel. 

But  as  the  weight  of  stuflf  to  be  hoisted  was  constantly  increasing,  as 
well  as  the-  number  of  the  revolutions  of  the  dram,  the  motive  power 


B  nlm>  iiipre.)i8H)  to  rcilueo  tin-  iminltfr  i»f  icvnliilioiiK  of  the  POffinp, 
rtnti!  the  udiuUt  of  revulutioiiit  uf  both  t'liconfl  niiil  tiniiu  was  ulmtit 
'  qiial.  At  llial  time  it  wiw  tliuu)f}]t  iw>n\  »iiii|il<?  t"  ^Pt  rirl  of  tht*  vug- 
■'■'  li(*ol  uiid  fn'uriug  in  (n^ueml, uiiU  to  eounwt  tlit<  (Itiiiii  diivolly  M'itli  tlie 
cuuuwUiig  nwl  of  tUfl  steam-cjHiHler. 

I  iu  unkT  to  fiicilituti'  the  i-evi^miiK  of  thi>  iiiotiou  in  thcM!  etigiDCH.  tliu 
Ipwvr  was  ilivi(le<)  between  two  coupleii  cjlimk'is  instead  of  one.    The 

D  cuuneetiiig  ro<]fl  ac-tcd  on  the  drum  by  craiikH  at  right  angles. 
I, This  method  has  both  Rdvnnla^Handineoiiveniences.  The  steam  can 
p  revertted  iniine<liatf  ly,  and  the  ttriim  may  ho  turned  at  will,  and  in  iin 
Ml,  either  one  way  or  thu  other.  With  the  tly-wlicel  mid  gearing 
kstnitiliou,  it  was  ([nite  daiigei-oiis  to  reverse  the  steam.  On  tlie  other 
^d,  tbti  uxhnust  of  the  steam  ranat  be  very  iK'rft*ci,  or  the  action  nf  the 
iiidcrs  would  he  irregular.  The  birger  the  eylindeis  are  the  givater 
e  alicJe-valve  must  be — more  sti-eiigth  nuiat  be  exertwl  by  the  engineer 
ten  they  have  Uy  be  moved. 
IhCousidenible  improvements  have  been  made  in  the  slide- vulves.  In 
met!  and  in  England  they  ha\-e  been  reitlaied  by  distrilmting  calves, 
icll  require  very  little  exeitiou  to  oi»enite,  and  can  l)e  maiienveifd  as 
■  well  by  Mr.  Btevensoii'n  reversing  motion. 

I  The  double-eylinder  direct-aeting  engines  are  miwle  either  with  vertical 

kkorizuDtal  cylinders,     [n  1-irigland  they  generally  prefer  the  former, 

kSmacli  as  they  have  the  luivAntage  of  {lermitting  the  main  dniin  lo 

b.placed  nltove  at  a  eousidenihh'  beij;:ht,  and  th(i8  t^i  diminish  the  slnfio 

■tiie  cable.    This  ii^, donbtIei^»,  an  important  iHiint;  but  nhen  die  dnima 

B  set  up  M)  high  it  requires  very  strong  and  cviw-nsive  frameworks  to 

"littHtuin  them,  an<l  sueh  frames  are  more  or  less  liable  to  vibration»> 

whett-as  with  the  horizontal-eylinder  engines  the  drum  and  engine  am 

(ihwt'd  on  the  lUime  foundation  uud  an-  niueh  more  stable  and  solid. 

The  Creuzot  e^juipany  exhibited  in  tJie  French  wetion  an  en^ritie  with 

t  coupled  horizontal  eyiinders,  with  wry  long  strokes,  and  utting 

tiy  on  the  drum. 

'In  Uie  Belgian  sirtion  Messrs.  Dorzee  and  Ondry  exhibited  «  double- 

L-ylinder  hoisting  engine,  some  feutunw  of  whieh  an-  new.    The  cylinders 

arc  vcrtieal,  and  are  supported  on  two  substantial  and  tlmi  uisl-tron 

Bies  or  towers,  alM>ve  the  (Irnmshaf't,  pliwred  level  with  the  floor.    The 

Itidvrs  net   ilownward  on    the  dnim   instead  of  upward,  its  in  the 

igliHb  Vertical  engines.     This  style  does  not  diuiiiiish  the  obliquity  of 

i  vable,  and  altliough  it  may  iweure  a  linn  fouudatiun  for  the  drum, 

I  wo  believe  that  horizontal  eyiinders  would  act  better,  be  Hrmer,  and 

f  less  «i  put  up. 

powerful  steam-bnikes  are  now  quite  extvnfltvely  nseil  to  Hvoiil  ucri- 

I  wht'it  hoisting  at  high  s{H-eil.      CoUtMoos  wUI  rnNpieutlj:  im-ur 

n  UltJ  two  euges  or  baeketa,  ami  KOinetimes  the  eageii  or  hiirkets 


p      ThfcC 
Hfto  cou 

■■      iTkiI.., 


58  PARIS   UNIVERSAL   EXPOSITION. 

will  be  drawn  up  too  high  and  be  in  danger  of  passing  over  the  sheaves 
at  the  head  of  the  shaft.  It  is,  therefore,  necessary  to  have  the  means 
of  qnickly  arresting  the  motion  of  the  drum.  A  great  deal  has  been 
said  against  steam-brakes ;  it  is  claimed  that  they  never  are  in  good 
working  order,  and  that  when  the  accident  happens  they  do  not  act  in 
a  satisfactory  manner.  These  objections  may  be  avoided  if  the  steam- 
brake  is  constantly  used  by  the  engineer  for  all  the  maneuvering. 

DIAMETER  OF  WINDING  DRUMS. 

Notwithstanding  the  great  increase  in  the  velocity  of  the  dram  and 
the  rate  of  hoisting,  it  was  long  before  the  diameter  of  the  drum  was 
altered.  It  used  to  vary  from  two  and  a  half  to  four  metres,  but  it  was 
found,  as  the  mines  grew  deeper,  that  the  wear  and  tear  of  the  ropea  and 
cables  (wire  ropes  esi)ecially)  when  coiled  around  a  small  drum  were 
very  great.  To  avoid  the  short  bend  around  small  drums,  their  diameter 
was  greatly  increased,  and  was  finally  carried  to  seven  metres,  (from 
twenty-one  to  twenty-two  feet.)  Of  course,  in  this  case,  the  number  of 
revolutions  of  the  drum  for  the  same  hoisting  speed  has  been  reduced, 
but,  as  it  requires  very  expensive  engines  to  run  them  directly,  there  is 
a  ti»ndency  to  return  to  the  old  style  of  gearing  the  drum  by  a  cog-wheel, 
and  to  run  it  with  lighter  but  higher-speed  engines. 

Tliese  large  drums  are  particularly  desirable  for  wire  ropes,  which  are 
destroyed  very  fast  by  a  short  bend.  On  these  large  circumferences  the 
turns  are  fewer,  and  the  (iable  need  not  be. coiled  several  times  over 
itself,  which  causes  great  wear  and  destruction  of  the  strands.  Each 
tuni  of  a  drum  22  feet  in  diameter  represents  66  feet  of  length  of  cable, 
and  25  rounds  will  reacth  1,650  feet  deep.  With  a  rope  one  and  a  half 
inch  thick  the  drum  would  have  to  be  a  little  over  three  feet  in  length. 
In  such  a  case  the  radius  of  the  drum  in  winding  would  remain  the  same 
when  wii'e  rope  is  us<»d ;  but  this  is  not  the  case  with  hemp  rope,  which 
has  a  much  greater  <liameter,  and  when  winding  up  around  the  drum  it 
must  coil  uimn  itsi»lf  several  times,  and  thus  increase  considerably  the 
radius  of  the  drum,  an<l,  on  the  other  hand,  in  unwinding  or  lowering 
into  the  shaft,  the  radius  of  the  drum  is  rapidly  reduce<l. 

The  difterenee  of  ra<lius  is  insufficient  to  com|)ensiite  for  the  weight  of 
the  unwoun<l  ciible,  an<l  such  an  arrangement  requires  powerful  engines 
to  lilt  up  the  dead  weight  of  cable  at  the  start.  From  that  moment  less 
and  less  power  is  iv<iuired  until  tln»  two  buckets  or  cages  meet  in  the 
shaft ;  then  the  descending  cable  gradually  takes  the  advantage  of  the 
asc*ending  one,  and  the  steam-engine,  instead  of  driving,  is  soon  driven 
with  an  iiicreasiHl  velocity  by  the  increasing  weight  of  the  descending 
cable.  To  avoid  these  iiu'onveiiieni*es  a  system  of  counteriwises  is  used. 
R4)l>es  carrying  a  counterpoise  are  wound  around  sheaves  placed  on  the 
shaft  of  the  drum;  these  counterpoises  play  up  and  do^iii  the  shaft  for 
about  fifty  or  sixty  metres;  the  cable  unrolls  as  it  goes  down,  and  the 
radius  of  the  sheaves  diminishes.    It  is  so  arranged  that  when  the  entire 
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cable  is  paid  out  and  the  counterpoise  is  down,  the  two  buckets  or  cages 
pass  each  other  in  the  shaft.  At  that  time  the  strain  upon  the  hoisting 
drum  changes,  as  also  the  action  of  the  counteri>oise.  The  rotary  motion 
of  the  hoisting  drum  continues  in  the  same  direction,  as  also  that  of  the 
sheave,  which  now  winds  up  the  rope  of  the  connteri)oise  in  the  opi)osite 
direction.  The  force  required  to  raise  up  this  counterpoise  counterbal- 
ances the  weight  of  the  descending  cable. 

Another  way,  which  gives  better  results,  consists  in  using  a  verj- 
heavy  cast-iron  chain  as  a  counterpoise. 

Some  attempts  have  lately  been  made  to  suppress  the  sheave  entirely, 
and  to  hoist  directly  with  the  drums,  by  placing  them  over  the  shaft. 

Drums  seven  metres  in  diameter  are  placed  on  the  top  of  the  shaft, 
instead  of  the  sheaves,  and  are  driven  directly  by  a  double-cylinder 
engine.  This  system,  which  is  fully  described  in  ^^Le  materiel  des  houil- 
lireSj^  by  Professor  A.  Burat,  has  not  been  entirely  successful  so  far ;  but 
it  has  shown,  however,  that  an  economy  of  fifty  per  cent,  can  be  realized 
on  the  wear  and  tear  of  cables. 

If  it  is  difficult  to  do  away  entirely  with  the  sheaves,  yet  it  is  quite 
easy  to  increase  their  diameter  so  as  to  avoid  giving  a  short  bend  to  the 
cables,  which  quickly  ruins  them,  and  particularly  wire  ropes. 

A  series  of  rollers  placed  on  a  curve  of  a  very  large  radius  might  be 
advantageously  used  instead  of  large  sheaves. 

lEON  DERRICKS. 

■ 

One  of  the  most  recent  improvements  is  the  substitution  of  iron  for 
wood  in  the  construction  of  i)oppet  heads  or  derricks  over  shafts.  Such 
constructions,  made  of  wood,  soon  decay,  and  are  insecure,  but  when 
made  of  iron  they  are  at  once  more  durable,  stronger,  and  lighter.  The 
collective  exhibition  from  St.  Etienne  contained  a  fine  example  from  the 
mines  of  St.  Louis.  This  structure  rises  about  thirty -five  feet  from  the 
mouth  of  the  shaft  to  the  axis  of  the  pulleys.  The  pillars  and  ginlers 
are  hollow,  and  are  formed  of  segments  of  cast  iron  bolted  together  by 
means  of  suitable  flanges.  The  principal  sup^wrts  are  oval,  the  longest 
diameter  being  placed  in  the  direction  of  the  greatest  strain.  Tlie  total 
weight  of  the  iron  is  22,000  kilogrammes,  and  the  cost,  at  55  francs  ikt 
100  kilogrammes,  is  about  12,000  ftancs.  This  does  not  include  the 
pulleys  or  the  guides  for  the  cages,  or  the  painting.^ 

III.— PUMPING  AND  DRAINING  MACHINERY. 

Tlie  Universal  Exposition  of  1867  contained  no  full-size  model  of 
pumps  or  draining  machines.  Most  of  these  machines  are  only  made  to 
order,  and,  besides,  their  tremendous  weight  would  have  occasioned  too 
great  an  expense  for  transportation.    They  were  represented  only  by 

I  Vide  Bevme  de  P Exposition  de  hX7, 1  and  2,  with  an  excellent  plate  showing  the  details 
of  conatmction. — Ed. 
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drawings  aud  small  models,  most  of  which  were  iDventions  of  a  mere 
theoretical  kind  aud  which  had  not  been  put  in  practice. 

Another  reason  which  explains  the  slight  importance  given  to  thetw 
machines  at  the  Exposition  is  that  for  many  years  past  no  very  novel 
features  have  been  introduced  in  their  construction.  Doubtless,  then* 
construction  has  been  improved  as  well  as  that  of  all  other  kinds  of 
machines,  but  no  radical  cliange  has  been  effected  in  their  principle. 

Although  the  most  costly  of  all  kinds  of  machines,  as  far  as  the  erec- 
tion is  concerned,  the  Cornish  engine  continues  to  be  exclusively  used  fof 
elevating  large  quantities  of  water  from  very  great  depths. 

CORNISH  ENGINES. 

The  Cornish  engine  has  been  for  some  time  past  constructed  on  two 
different  plans,  viz,  the  beam  engine  and  the  direct-acting  engine. 

When  this  last  form  was  first  introduced  it  was  thought  to  be  a  great 
improvement,  on  account  of  the  suppression  of  the  beam ;  but  it  was 
soon  discovered  that  the  working  of  these  machines  was  far  from  being 
perfect,  aud  tbe  be^im  was  quickly  re-established,  as  much  for  the  sake 
of  carrying  the  weights  employed  for  counterbalancing  the  ro<ls  as  for 
imparting  motion  to  the  condenser,  without  which  the  Cornish  engine 
loses  its  most  precious  advantsige,  viz,  the  economy  of  fuel. 

Brought  back  to  this  new  form,  the  direct-acting  engine  has  all  the 
organs  of  the  old  Cornish  type,  and  costs  nearly  as  much.  If  it  has  the 
advantiige  of  taking  less  room,  and  consequently  necessitating  less  extent 
of  buihling,  on  tiie  other  hand  it  blocks  up  the  mouth  of  the  shaft,  and 
very  often  its  foundations  cost  as  much  as  those  of  the  first  kind. 

There  is,  therefore,  no  reason  for  giving  the  preference,  at  first  sight, 
to  either  of  these  two  systems;  local  circumstances  will  cause  a  decision 
either  in  favor  of  one  or  the  other. 

Those  who  would  like  to  become  acquainted  with  all  the  newest  models 
of  this  sort  of  machine  will  find  full  descriptions  in  the  ^^Le  materiel  da 
houiUeres/'  by  Professor  Burat,  of  Paris,  aud  in  the  ^^Forifeuille  Cocker- 
ill^^  of  Belgium. 

With  regard  to  novelty  of  details,  we  have  none  to  call  attention  to, 
unless  it  be  the  increasing  tendency  of  placirg  the  main  rod  in  the  axis 
of  the  pumps.  When  the  rod  is  of  wood  it  is  separated  into  two  parts 
where  it  passes  a  pump  in  the  shaft,  and  the  pump  is  placed  between 
the  two  parts  of  the  rod.  When  the  rods  are  made  of  iron  two  separate 
ones  are  placed  one  on  each  side  of  the  pumps,  and  they  are  unitetl 
together  at  certiun  distances  so  as  to  keep  them  equidistant. 

For  distributing  the  steam  the  cataract  and  Hornblower's  well-known 
equilibrium  valve  are  employed. 

ORDINARY  PUMPING  ENGINES. 

Pumping  engines  of  a  smaller  description  show  considerable  variety 
in  their  construction;   none,  however,  possess  any  striking  novelty. 


long  thmn  we  would  lucntian  the  (iouWe-iii;tii>u  eriKinc,  placnl  nt  the 

Xtm  of  tJie  works,  and  workiny  diret-tly  om-  or  two  pnmpK  twiiuilly 

rnblp-af^tJng,  and  forcing  tlip  water  lit  one  Rtrokc  up  to  tlie  KurTuco. 

Uh  sj'Mteiii  i8  Riniple  and  irlioaji  an  rc^funlM  fir:«t  <^^i*l,  but  coiikiiii)o«  too 

Orli  rii«l,  tU4  it  \s  geiwrMy  r-oni«rriivtt.-d  witlioiit  coiidctiKing  apimratuH. 

kciia  biinlly  bo  iisch]  extrejit  wlien  tlit-  iniu-liiiit>  ciiii  bv  i-stablishit)  ovur 

B  liirge  pxctivatioiiH  dwp  enoiigli  to  pitluT  the  water  for  ten  or  HItccii 

tayo;  otherwise  it  would  btf  inii>o»8iblu  to  make  any  repairs  eiliitr  to  the 

)tiinipn  or  the  engine  without  dnuger  of  being  overttowed.     Ttii8  li»tt 

tcndefl  to  prirvent  the  system  IVom  being  adopted,  notwithstutiding  it« 

glnildirity. 

b'Id  deptlis  not  excee<Iing  one  luindrt^d  metres  (three  Imndred  feet)  i*uc- 
D  aiid  lifting  pumps  are  nseil,  and  worked  directly  from  tikN  at  the 
Bfw  of  the  slmfl.  These  nxls,  which  are  either  of  woo<l  or  Iron,  work 
^  the  pipes  of  the  putupt^.  The  pipes  an?  united  direetly  to  the  iKwly  of 
a  pumpa,  iiutl  liiiTe  n  slightly-iutireawHl  dianioter,  so  as  to  i>ermit  the 
f  remo^'al  of  the  pistons. 

1  many  cases,  wlien  the  driring  engine  hiis  more  jwwer  than  is  altso- 
ely  necessary  for  hoisting,  tlie,  suriilus  of  jwwer  can  be  made  avnilahle 
i  working  a  conple  of  lifting  pumpH  of  the  kind  above  meniiomt).  In 
)  ca^e  tht«  pumps  work  under  the  same  coudittoiiti  hs  llic  lioiitting 
rif,  8tup[tiii^  when  necessary  to  fasten  or  unfa-tten  the  kibbles,  and 
in  o[i(.^  or  the  other  direction  according  to  tlie  change  of  the 


k  temporary  and  inexpensive  system  of  pumping  is  thus  obtnineil, 
I  in  very  serviceable  until  the  increasing  amount  of  wai*T  i-e<piir«-s  a 
iul  pumping  engine. 

RAISING  WATER  BY  fit'IDED  KIBBl.ES. 
B  aome  cases  one  of  the  most  uueicut  systems  of  pumping  is  still  in 
K;  we  allude  to  the  extrai-tiou  of  the  wuter  by  means  of  kibbles  bos- 
Ided  on  cables. 

ka  at  flrat  established,  this  aystem  only  gtennittcd  the  elevation  of 
sninll  <piantitiea  of  water;  but  owing  to  the  i>urfection  of  the  engines 
MOW  employed,  this  class  of  machines  can  be  employed  with  great  ad vau- 
tage.  Biuce  the  peifcctiou  of  the  guides  eniphtyed  in  the  shafts  is  such 
lliat  poiulemus  loads  of  water  can  be  raised  very  rapidly,  the  ancient 
wowlfu  kihblc8,  which  brought  up  .5(10  to  (KMi  iiuarls  at  ii  time,  have  iR-en 
gpliRX'd  by  iron  tiMiks  of  horiKontal  roctangulnr  or  cin'ulnr  form,  which 
^  bald  from  2,o<IO  to  3,IKtU  ipiarts,  and  Lravel  from  II  to  :i0  fii't  {3  .00 
».(W)  per  second. 

r  these  cin-iimstiinces  large  quantities  of  wat**r  can  be  brought  to 
»sariace,  if  cure  be  luken  to  n^ider  us  easy  us  jKHtsiblv  the  filling  aud 
Btfinic,  which  can  Ih^  readly  uecoinplishe*!  by  making  u»o  of  large  ralres. 
ni'KT  AND  OKYLEB'8  CIUIN  PfSIP. 
rtly,  we  nieiitiuii  a  trial  made  by  Mesars.  Hiict  &  Geyler  of  their 
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well-kuown  system,  but  wliicli  to  our  knowledge  had  uot  been  employed 
before  for  tlie  drainage  of  mines. 

The  chain  pump,  which  has  been  much  used  for  domestic  puri>oae8,i8 
composed  of  a  pipe  o|ien  at  both  ends  aud  in  which  an  endless  chun 
passes,  carrying  at  equal  distauces  disks  of  irou,  which  nearly  fill  the 
pipe  aud  act  as  buckets. 

Messrs.  Huet  &  Geyler  coustmct  these  buckets  with  an  india-mbber 
ring,  which  acts  as  a  stuffing  and  lite  the  tube  closely. 

Two  twin  pumps  were  mounted  and  hiwl  to  lift  the  water  to  a  height 
of  twenty-five  metres  (about  seventy-five  feet)  only.  One  pump  alone 
was  intended  for  working,  the  other  being  simply  placed  there  for  use 
in  caoe  of  accident. 

The  internal  diameter  of  the  pipes  was  0™.07.  These  pipes  were  d 
copper  drawn  without  being  soldered,  and  only  0™.002  thick. 

They  were  made  in  lengths  of  six  metres,  (eighteen  feet,)  and  wen 
united  together  by  means  of  tlauges  and  bolts.  The  endless  chain  was 
of  ordinary  construction ;  its  links  were  of  iron,  (P°.U1  in  diameter. 

The  pistons  or  buclcete  were  made  in 
five  pieces  J  (see  sketch.)  The  stuffing  was 
composed  of  a  single  india-rubber  ring. 
Exjieritace  has  taught  that  in  order  to  oh- 
taui  the  maximum  amount  of  work  it  was 
necessary  that  this  caoutchouc  ring  should 
come  in  contact  with  tlie  sides  of  the  pipe, 
but  without  pressing  on  them.  As  the  in- 
dia  rubber  wears,  it  is  screweil  up  by  a  nat 
and  d  set  nut.  '  Wlieu  it  becomes  uecesaai; 
to  renew  the  ring,  it  is  easily  accomplished 
b\  miscrewiug  the  two  nuts  and  remo\iDg 


[     'y  tlie  kej  A. 

I   )  Th 


Thejse  pistons  were  placed  at  distances  of 
three  metres  (nine  feet)  apart  The  chain 
passes  over  a  grooved  pulley  or  sprocket- 
nheel,  the  groove  of  which  is  O^-Ol  larger 
tlnui  the  buckets.  Studs  introduced  in  this 
groove  prevent  the  chain  from  slipping; 
tlie\  art^  adaptetl  to  the  pulley  and  can  be 
easiU  cliauged  as  may  be  desired.  The 
speed  of  the  chain  is  ninety  metres  (If  7U  feet) 
l>cr  minute. 

Thus  constructed,  this  pn^p,  which  haa 
now  been  at  work  for  ten  months  withont 
any  otlier  stop)Hige  or  rejuiir  than  that  of 
cliungiiig  three  times  tlie  iudiit-rubber  stufi'- 
ingfhasconstantlyraisedquantitiesof  water 
varying  trom  150  to  200  cubic  metres  per 
Huet  &  Oeylei'ii  chaiii  Pump,    day  of  nine  to  ten  hoUTS. 


UININO PUHPINti   H&CHINEBY. 


63 


Pin.  4. 


On  account  of  its  simplicity  and  ita  small  amount  of  wear  an<]  tear, 
this  pump  might  be  well  adapted  to  larger  diameters  and  to  operate  at 
mueh  greater  depths,  taking  care  to  divide  the  column  at  every  twenty 
or  tweuty-flve  metres  by  means  of  re8er\-oir8, 

HU88IAN  PUMP. 

A  model  of  an  apparatus  for  raising  water  was  exhibited  in  the 
Bnssian  section.  It  is  very  ingenious,  bat  has  not  been  yet  practically 
□sed.  This  apparatus  is  composed  of  a  tube  ninning  from  the  reservoir 
to  the  surface  outlet  (Fig.  4.)  This  tube  is  divided  by  equidistaut 
partitions,  with  a  valve  in  the  centre  of  each.  ' 

Pipes  fixed  in  the  partitions  and  under  each  valve, 
descend  into  each  compartment  and  stop  quite  near 
the  bottom.  Two  tubes  follow  the  length  of  the  cen- 
tral pipes,  and  by  means  of  ell>ow  pipes  establish  com- 
munication between  two  alternate  section»  of  the  cen- 
tral pipe.  The  pipe  which  communicates  with  the 
compartments  of  even  numbers  2,  i,  and  6  connects 
directJy  with  the  outside  air. 

The  other  pijie  in  communication  with  the  compart- 
ments  of  odd  numbers  1,  3,  and  5  is  connected  with  a 
large  pump  which  alternately  rarifles  or  compresses 
the  air. 

A.  vacuum  being  made  by  the  pump,  the  water  rises 
from  the  reservoir  and  runs  in  the  section  So.  1-  Then 
the  pump  compresses  air  aud  the  water  passes  from 
section  Xo.  1  to  section  No.  2  by  the  connecting  tube, 
and  the  excess  of  compressed  air  escapes  through  the 
open  tube. 

When  the  pump  makes  the  vacuum  again  in  all  sec- 
tions of  odd  numbers,  the  compartment  one  fills  as  \ 
before,  and,  at  the  same  time,  the  atmosi>heric  pressure 
forces  the  water  from  section  No.  '2  into  section  No.  3,     "  "" 

wliich  is  empty.    When  the  apparatus  is  put  in  motion     R""*'""  Pump. 
the  pumps  create  the  vacuuQ],  the  compartments  1, 3, 5,  &c.,  fill  under  the 
influence  of  the  atmospheric  pressure,  and  when  the  pump  compresses 
the  air  in  the  odd  sections  the  water  runs  in  the  couipanments  of  even 
numbers,  and  so  on. 

It  is  [wssible  that  air  coutAiued  in  the  water,  when  escaping  under 
the  influence  of  the  vacuum,  might  prevent  the  action  of  this  pump.  It 
is  probable,  however,  that  the  greatest  amount  of  air  ORcai>es  through  the 
open  pipe  at  the  time  the  water  is  forced  from  the  oihl  to  the  even  num- 
bered sections. 

Practice  only  will  prove  whether  this  ingenious  contrivance  can  be 
made  available  for  mining  purposes. 


CHAPTER    IV. 

MAN-ENGINES   AND   PAHACHUTES. 

DKsCEriT  oy  MisKRa  by  meass  of  fixed  UDUEBfi— LowEwsa  men  by  mkaks  of 

(lABtlta—CoSSTKCCTION     OF    THB     MAH-SNGINI! — THK     nOOS— LiXDWG-PI-ACES    08 

ST.ntns—  Sri'poRT  oy  TnK   Rons — HYtiiiAULic  kkol'lators — Movement   of  the 

MAX   lisr.INK— PaHACHUTES  fob  TMK   PHKVKSTI03I   OP  ACCIOESTS  TO  CAiiES CaGE». 

I.— THE  DESCENT  OF  MINERS. 

Fahrkanst,  or  niitn-eugiaea,  are  not  of  recent  invention;  one  or  two 
early  examples  are  known  in  Germany,  and  were  established  there 
toward  the  middle  of  the  last  c:eutiii-y.  These  first  machines  were  aban- 
doned, perhaps,  from  not  acting  properly  or  from  not  being  a  real  neces- 
sity at  the  time,  and  seventy  or  eighty  years  passed  away  before  they 
again  came  intu  use. 

As  by  degrees  tlie  mines  of  Germtmy,  Belgium,  and  England  became 
deeper,  various  plans  were  devised  to  iirocure  cheap  and  easy  means  of 
descent  for  the  workmen ;  and  the  man-engine  was  a^in  brought  into 
uotice.  From  the  most  remote  antiquity  three  methods  have  been  in 
common  use  for  the  descent  into  mines,  vIk  :  inclined  planes,  ladders,  and 
ropes. 

Inclined  planes  have  been  used  only  in  shallow  mines ;  in  deep  mines 
the  length  and  cost  becomes  so  great  that  they  cannot  be  used. 

DESCENT  BY  FIXED  LADDEE8. 

The  descent  by  fixed  ladders  is  the  most  common,  and  is  certainly  the 
safest  and  the  most  economical  of  all  the  ways  yet  tried  to  get  to  the 
bottom  of  mines  of  moilerate  depth  and  in  all  preparatory  workings. 
When  ladder-ways  are  well  made,  they  are  isolated  from  the  rest  of  the 
shaft  by  partitions  or  brettices.  The  serious  fall  of  a  man  in  these  cases 
is  very  rare,  and  can  only  happen  through  imprudence  or  carelessness. 
The  workman  has  his  safety  in  his  own  hands,  and  the  accidents  are 
few  and  slight. 

Statistics  show  that  of  one  hundred  accidents  occurring  upon  ladders, 
there  are  only  about  twelve  fatal.  But  this  mode  of  descent  is  inadmis- 
sible in  deep  workings  and  is  then  subject  to  three  great  inconveniences — 
first,  it  ruins  the  health  of  the  miners  who  are  compelled  for  a  certain 
time  every  day  to  go  up  and  down  f  second,  the  fatigue  imposed  upon 
the  miners  deprives  them  of  some  of  their  energy  at  their  daily  work ; 
third,  it  take«  a  considerable  time  to  change  the  shifts  of  men  or  relays. 

To  go  down  100  metres  of  ladder  requires  about  15  minutes,  (900 
seconds,)  equal  to  d  seconds  per  metre.    If  we  suppose  that  the  men 


iBow  etwh  i>tlipr  at  2  metres  distance^  after  Hip  tirwf  niaii  has  arrived  at 
3  bottom  of  tl»>  sliJift,  it,  will  lie  18  Keeomli*  bcfoi-f!  tlif  (w^'nnd  i 
H  to  thv  bottom,  and  so  un  ;  mt  tliat  if  tlie  sliift  is  eoHiiKiwd  nfHtO 
viU   rcqiiir.^  900  sccoiidn  +  200   x  IS  sm.iids  =  WOO  +  :««« 
soiids  ^  ■l.'iDO  xeeoiids,  or  I  hour  IS  niliiiiti'«i,  for  them  all  todcscond  tn 
the  iJoMimi. 

If  tlie  sliiift  is  400  metres  deep,  15  minutes  per  100  metres  must  tw 
lidded  for  the  lUwi^nt  of  the  tirst  man,  which  makes  aU<»gt>tliiT  2  hoara 
for  200  taeti ;  with  tlii»  basis  for  cak-nlatioii  it  ie  easy  to  find  the  time 
required  for  the  deseeiit  of  any  nnmber  of  men  to  iitiy  gpvmi  depth. 
The  aiwent  of  100  mi'tres  of  ladder  requires  about  twici^  as  much  time 
9  the  dedceiit ;  then  if  wu  take  the  depth  of  4O0  uietrvs,  anil  the  nutn 
r  of  meJi  200,  we  haxe  for  the  dGScwot  by  ladders  2  hours,  and  for  the 
lut  i  hours,  iu  all  U  Iiouth.  whieh,  addud  to  H  hoitrs  work  [ler  shitl, 
ite»  14  hours,  during  0  hours  of  which  the  work  in  aM'«tidi»(C  and 
»iiding  is  much  harder  than  the  ot^nul  mtidng. 
t  is  impossible  for  men  to  continue  to  jierform  sueh  labor,  so  that  in 
most  mines  over  250  metres  deep  the  hours  of  real  work  ar*>  shortenwl 
iiriil  llip  balance  of  the  time  is  set  apart  for  the  work  of  aseending  and 
deaeeudiug. 
The  Polytw-hnio  Society  of  Cornwall,  in  comparing  the  rat*'  of  mor- 
f  amongst  men  working  at  ditterent  depths,  (aceidenttt  d<>duet«d,) 
latea  that  in  works  of  400  to  500  metres  in  deiitli,  where  ladders 
iltised,  the  lives  of  the  men  are  short*'iied  by  twenty  years.  However 
I  may  be,  it  is  c«rt*dn  that  the  prolonged  use  of  ladders  gives  rise  to 
DIM  derangements  of  the  organs  of  respiration  and  renders  a  c«rtaiu 
jnlx^r  of  men  unfit  for  work  before  they  are  thirty  years  old. 

LOWEKKG  BY  ROPES  AND  CAGES. 
be  lime  required  for  lowering  and  raising  a  shift  of  men  by  cablea, 
t  as  rasy  to  estimate  as  Ihiit  reqiiirwl  when-  ladders  alone  art'  used, 
•ndi^iu  fiu;t,ou  two  variable  eK-meiit's — the  ra(«  of  speed,  ami  the 
nher  of  men  that  can  be  lifted  at  each  time. 

Ic  raleof  spei'd  varies  according  to  theimportanct^of  the  workinga; 

hutta  without  guides  it  is  often  from  one  to  two  metres  per  second;  in 

s  provided  with  guides  and  cages,  it  is  from  threi'  to  twelve  metrett 

r  second  ;  but  when  the  men  an-  taken  iqt  and  don*n  in  the  cages,  tlia^ 

tl  is  often  slackened,  keeping  it  about  three  to  six  metres  |kt  wiimd. 

inntulier  of  men  carried  at  once  is  from  two  to  three  in  the  small  work- 

t,  ftnd  sixteen  to  twenty,  or  more,  in  mines  of  greater  extent. 

mpflrison  of  the  time  required  for  the  deseenl  by  ludden  awl  by 

ling  in  cages  may  l»e  ma4le  as  follows:  .\ssnming  that  there  are 

a  in  a  shift  and  that  the  depth  f.-*  4(M>  nietn-s,  the  nite  of  kik-oi 

tug,  say  five  niutn-s,  and  that  eight  men  are  carried  atooc-e — at  Am 

f  secundf  to  as(,-«nd  or  descend  400  metres  n><|uireB  * 
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seconds.  To  this  must  be  added  about  two  minutes  (120  seconds)  for 
the  stepping  in  and  outof  the  men,  and  the  starting  and  stopping  of  the 
engine,  which  makes  altogether  120  4.  80  =  200  seconds.  Lowering  8 
men  at  once,  we  have  ^f^  =  25  journeys  in  all  for  the  shift ;  the  time  will 
therefore  be  25  x  200  seconds  =  5000  seconds  =  1  hour  24  minuteK 
Doubling  this  for  the  entire  time  in  going  into  and  out  of  the  mine,  will 
be  2  hours  48  minutes,  which  is  half  the  time  taken  for  the  ascent  and 
descent  of  the  same  number  of  men  by  ladders. 

But  these  figures  are  not  absolute;  they  may  vary  widely,  either  more 
or  less,  according  to  the  extent  of  the  workings. 

The  advantages  and  disadvantages  of  the  rope  are  inversely  to  those 
of  the  ladders ;  the  health  of  the  men  does  not  suffer,  but  there  is  less 
security,  and  accidents  are  much  more  serious. 

Accidents  by  ropes  and  by  ladders  are  as  3  to  2 ;  but  this  ratio  is  still 
increased  by  the  fact  that  of  100  accidents  to  men,  94  are  killed  and  6 
injured. 

These  deplorable  consequences  from  this  method  of  transportation  of 
miners  caused  the  Prussian  government  to  prohibit  the  lowering  or  rais- 
ing of  men  by  the  cages  in  the  mines  of  Prussia. 

In  other  countries  they  are  still  used  together  with  the  ladders  up  to 
this  time,  but  the  man-engine  has  again  come  into  use,  and  will  now  be 
described. 

CONSTRUCTION  OF  THE  MAN-ENGINE. 

The  movable  ladders  (echelles  mobiles)  called  in  Germany  Fahrkunst^ 
and  in  England  man-engine^  present,  when  well  constructed  all  the 
desirable  conditions  for  security,  rapidity  of  motion,  and  for  health. 

They  are  all  alike  in  principle,  and  consist  essentially  of  two  strong 
beams  or  rods  hung  side  by  side  in  the  shaft  of  a  mine.  Each  beam  has 
platforms  or  landings  large  enough  for  a  man  to  stand  upon  placed  at 
equal  distances  from  the  top  to  the  bottom.  Handles  to  be  grasi>ed  by 
the  hands  of  the  men  are  attached  at  a  convenient  height  above  each 
platform. 

One  of  these  beams,  or  both  of  them,  is  connected  with  an  alterna- 
ting movement,  combined  in  such  a  manner  that,  at  the  moment  the 
movement  changes,  the  stages  of  both  beams  or  rods  are  level  with  each 
other. 

The  difference  between  one  man-engine  and  another  consists  only  in 
the  particulars  of  construction,  and  in  the  manner  in  which  the  motion 
is  given  to  the  rods. 

There  was  nothing  especially  new  in  the  Exposition,  either  in  the  small 
models  or  in  the  drawings,  and  we  will  therefore  abstain  from  describ- 
ing them,  but  will  point  out  the  improvements  in  the  details  while 
reviewing  successively  all  the  separate  parts  forming  the  whole  of  the 
man-engine. 
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Before  noticing  these  details,  we  will  give  a  description  of  the  princi- 
ple of  the  man-engine  for  those  persons  who  may  not  be  familiar  with 
its  action. 

Let  U8  suppose  that  the  rods  E  and  D  range  ail  the  deptli  of  the 
mine  shaft,  and  that  at  equal  distances  stages  A,  B,  C,  &c.,  are  fixed 
to  the  rods  opposite  to  each  other.  Fig.  &. 

Fig,  5  shows  a  portion  of  the  rods  E  R',  with  their  stages 
or  platforms  A  A',  B  B',  G  C,  placed  at  equal  distances.  An 
alternate  upward  and  downward  movement  is  given  to  each 
of  these  rods;  while  the  rod  H,  with  its  stages,  is  ascending, 
the  opposite  rod  K'  is  descending.  This  movement  brings 
the  platform  A  on  the  rod  K  opposite  to  the  platform  B'  on 
rod  R',  and  the  platform  B  opposite  the  platform  C,  The  mo- 
tion is  then  arrested  for  a  moment,  antl  is  immediately  after- 
ward reversed,  and  the  platforms  return  to  their  original 
position.  If  now  miners  are  standing  uimn  the  i>latform8  of 
B,  they  will  all  be  raised  by  the  npwanl  movement  a  distance 
equal  to  half  the  distance  between  the  platforms.  At  this 
point,  the  motion  ceasing,  the  miners  step  from  the  platforms  - 
of  the  rod  R  to  those  nimn  the  rod  H',  and  by  the  next  move- 
neot  are  again  lifted,  when  they  step  across  as  before,  and 
so  on  nntil  the  top  of  the  shaft  is  reached.  The  descent  is 
similarly  accomplished. 

In  a  few  cases  only  one  of  the  rods  moves,  and  the  other 
remains  stationary',  or  rather  the  second  rod  is  omitted  and 
stages  are  fixed  to  the  side  of  the  shaft  in  the  rock  itself;  in 
sncb  cases  the  single  rod  has  to  move  the  whole  distance 
between  two  stages  instead  of  half  that  distiince,  as  when 
two  rods  are  nsed. 

When  a  single  rod  is  nsed  in  coiniection  with  fixed  stages, 
flie  miners  pass  alternately  from  the  stage  on  the  hmI  to  the 
stage  fixed  in  Uie  rock.  They  then  wait  until  the  half-stroke 
brings  a  fresh  stage  opposite  to  them,  on  which  they  place 
themselves,  and  so  on. 

The  distwiee  between  two  stages  on  the  same  shaft  gener- 
ally varies  from  4"i,50  to  8"' .00.  The  stroke  of  the  apparatus  with  two 
movable  shafts  is  always  half  the  distance  l>etween  the  stag«>.s  conse- 
qnently  it  varies  from  2" .25  to  ■1'".00.  There  are  from  four  to  eight  don- 
ble  strokes  per  minute. 

In  order  to  estimate  the  time  require*!  for  the  nxceut  and  descent  of 
miners  by  this  engine,  let  ns  take  our  standard  example,  4t>0  meti-cs  of 
depth  and  :!00  men  to  send  down  or  lift  up  for  each  shift. 

Allowing  the  stages  to  l»e  C  metres  distant  from  eacli  other,  and  the 
man-engine  to  make  6  double  strokes  [ler  minute — in  one  minute  a  man 
wQI  then  have  passed  u|>oii  and  tmm  0  stages,  he  will  then  havtr  \nfn 
lifted  6».00  X  6=36'>'.0o;  and  consequently  will  rise  the  400  nietre.s: 
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1st  i^  a=a  12  minutes^  in  lonnd  Bombefs.  Eaeh  double  sfcndce  tiMtwfler 
iriD'deliver  another  mair  at  tliesiiriiioey  or,  wliich  is  tihe  flame  tUn^the 
maGbine inll  lift  6  men  per  minate ;  the  200  men  will  therefore  animai 
tiie  aiuftoe  in  ^  =  34  minates  in  rocmd  nnmbera,  whleh,  added  te.liie 
12  minatea  zeqiiized  for  the  whole  aaoent  of  tiie  first  man  oathe 
givM  in  an  46  minutes ;  doubling  thisfor  the  lowering  asd  Ufting  of 
shift  of  mea^  and  we  hAve  92  minutes  (1  hour  and  32  nuni^ss)  foe  tihe 
whole,  and  tl»t  without  either  danger  or  fiitiga^» 

So  that  fw  200  men  and  40O  melxes  df  dq^  i^  aacrat  bf  Mdeia 
requires  6  hours;  by  hoisting,  yaxying  from  1  to  4  hours;  hf  tte  SMUih 
engine^  only  1^  hour. 

The  fitting  up  of  a  man-engine  is  donb^efls  a  oonsiderabla  eaqMii8% 
but  it  is  soon  repaid  by  the  time  saved,,  and  the  prevenlaoii  of  mnaonlag 
fotigue  of  the  miner. 

BETAILS  OF  CONBTKUCllOir. 

Thb  BOB8^«^-{ni#  rods  are  either  made  of  wood  cat  of  iron,  aeooirttng 
to  the  local  eonvenienoe.  lion  is  li|^ter  with  the  same  power  of  resist* 
anee,  and  requires  less  ro(mu 

Fig.  6-  Whether  the  rods  are  made  of  wood  or  of  iron,  tliey  are  all  made 
with  a  decreasing  section  from  the  top  to  the  bottom  of  Ibe  app»» 
ratns.  The  wooden  rods  are  made  in  two  wayfr— ^ther  oi  beams 
adjusted  end  to  end,  like  the  rods  of  lifting  pumps,  or  lliey  are  made 
with  planks,  the  ends  of  which  are  stepped  together,  sb  indicated 
in  the  annexed  figure.  (Fig.  6.)  Gradually,  as  the  load  to  be  car- 
ried allows  of  it,  a  plank  is  left  out  so  as  to  reduce  the  weight  as 
much  as  possible  and  yet  retain  all  the  necessary  solidity. 

Iron  rods  have  been  made  in  various  forms,  but  generally  in  the 
shape  of  angle  iron.  The  round  or  flat  iron  ba«  the  inconvenience 
of  allowing  too  much  vibration,  especially  at  the  bottom. 

The  number  of  rods  for  each  side  of  the  man-engine  may  be  one, 
two,  three,  or  four.  The  single  rod  is  generally  used  in  the  inclined 
shafts.  It  is  composed  of  a  piece  of  wood  running  on  rollers  at 
about  six  or  eight  metres  apart.  These  rollers  of  wood  or  cast-iron 
are  laid  on  sills  of  wood  fixed  in  the  rock. 

The  stages  or  platforms  are  made  of  planks  large  enough  to  re- 
ceive both  feet,  and  are  firmly  supported  by  iron  brackets  below ; 
iron  handles  are  securely  fixed  by  bolts  to  the  rods,  at  a  height  of 
about  1™.00  to  1™.30  above  each  stage,  to  enable  the  miner  to  keep 
bis  balance. 

Where  the  rods  are  separated  by  fixed  ladders,  as  in  some  in- 
stances, the  distance  required  to  pass  over  from  one  stage  to  the 
other  varies  from  0™.65  to  0™.75,  which  renders  the  apparatus  in- 
commodious and  even  dangerous. 

Man-engines  in  vertical  shafts  always  have  at  least  two  rods,  bal- 


ancing each  other. 
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Mr.  Havrez,  manafacturer  in  Belgium,  and  exhibitor,  constructs  man- 
engiucB  with  three  rods  in  eaeh  of  the  lifts. 

Rods  are  sometimes  made  with  the  landing-stages  large  enough  to 
carry  two  men  at  once,  which  permits  the  miners  to  pass  each  other 
with  ease  in  going  up  and  down,  some  ascending  while  others  are  de- 
scending. 

The  LANDING  PLACES  OR  STAGES. — ^The  stagcs  are  made  of  the 
lightest  wood  possible,  and  their  dimensions  vary  according  to  the  space 
at  command ;  they  should  not  be  less  than  0".50  to  0  .60  square ;  but 
some  are  made  which  are  only  0">.40. 

But  with  these  small  dimensions  they  are  dangerous.  These  stages 
are  generally  put  in  iron  frames,  which  serve  at  the  same  time  to  bind 
the  rods.  When  two  stages,  one  on  the  ascending,  the  other  on  the 
descending  rod,  are  level  with  each  other,  the  distance  which  separates 
them  varies  from  0™.03  to  0™.250,  and  even  to  0"».30. 

When  the  spaee  is  wide,  there  is  danger  in  crossing  from  one  stage  to 
the  other,  for  the  miner  may  step  into  the  empty  space  and  be  preci- 
pitated to  the  bottom.  But  if,  on  the  contrary,  the  space  is  ver3'  narrow, 
the  passage  is  very  easy,  but  there  is  danger  that  the  miner  may  impni- 
dently  let  his  head  or  his  shoulder  project  beyond  the  stage  on  which 
he  is,  so  as  to  be  struck  or  caught  by  the  stage  of  the  opposite  rod  during 
the  movement. 

This  difficulty  is  avoided  in  two  ways — either  by  making  the  stage  in 
two  pieces,  one  fixed  and  the  other  hinged,  so  that  it  rises  when  it  meets 
with  an  obstiicle,  or  in  fixing  under  each  stage  inclined  planks,  well 
dressed  and  smoothed,  which  push  against  an  obstacle  and  force  it  back 
within  the  limits  of  the  opposite  stage.  This  last  plan  can  only  be  used 
where  the  movement  of  the  man-engine  is  not  too  rapid ;  if  the  motion 
is  rapid,  the  first  is  preferable. 

Tlie  hinges  of  the  stages  are  made  either  of  copper  or  of  very  strong 
leather  to  avoid  oxidation.  In  the  mines  of  Freiberg,  Saxony,  the 
stages  are  not  placed  opposite  each  other,  but  side  by  side. 

Balance  weights  and  pulleys. — ^The  rods  and  stages  work  in 
guides  at  distances  which  vary  from  twenty  to  fifty  metres  from  each 
other.  But  this  is  not  sufficient.  It  would  not  be  pnident  to  leave  such 
a  mass,  200  to  500  metres  long,  susi>ended  without  any  other  supiM)rt. 

The  whole  weight  is  therefore  balanced  by  what  are  called  balance 
pulleys.  They  are  placed  two  and  two  alongside  the  rods.  The  opposite 
rods  are  then  connected  by  chains,  which  pass  over  these  pulleys  and 
thus  sustain  a  part  of  the  weight  of  the  rods.  The  weight  of  one  rod 
also  counterbalances  the  weight  of  the  other.  A(\justing  screw  nnls  at 
the  ends  of  the  chains  give  the  means  of  changing  the  length  of  the 
chain  so  as  to  secure  the  proi>er  stniin  on  each  support  or  pulley.  The 
arrangement  of  the  rods,  the  central  ladder-way,  and  the  balance  pulleys 
and  chains,  are  shown  in  the  annexed  figure. 
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Support  of  tlie  nxlB  of  tho  Man-ongioe  in  an  iDclinwl  shofl. 

Tlie  hydraulic  balance  liaa  beeo  tried  for  tbe  same  purpose.  It  is  com- 
posed of  two  pistous :  one  is  placed  oa  tlie  &r»t  set  of  lifts,  the  other  on 
the  secoud.  To  these  pistons  two  pump-barrels  correspond,  connected 
with  eacli  other  by  a  pipe  giving  free  communication.  The  descending 
set  of  lifts  taking  the  piston  with  it,  forces  the  water  into  tbe  other 
pump-barrel,  and  as  tbe  water  has  no  outlet,  it  forces  up  the  other  piston, 
lifting  tbe  other  set  of  lifts  with  it. 

The  hydraulic  balance  wonid  be  very  good  if  the  packing  of  the  pie- 
tons  could  be  kept  tight;  unfortunately  it  cannot,  water  is  lost,  and  then 
tbe  descending  piston  does  not  tr-ansmit  its  pressure  to  the  rising  [liston 
before  some  part  of  the  stroke  is  lost,  so  that  tbe  balance  is  distorbed. 
It  has  been  abandoned  for  this  reason.  When  the  man-engine  is  single- 
acting,  (that  is  to  say,  where  there  is  not  more  than  one  set  of  lifts  and 
the  other  set  replaced  by  a  line  of  fixed  stages,)  the  movable  lift  must 
be  balanced  to  prevent  the  shock  it  woiUd  receive  at  the  bottom  by  the 
impetus  gained  during  its  descent.  This  balance  can  be  obtained  by 
chains  attached  to  different  heights  of  the  lift,  passing  them  over  pulleys 
attached  to  the  rock,  and  attaching  to  their  ends  counterpoises  of  suffi- 
cient weight.  Such  an  arrangement  is  very  dangerous  from  the  liability 
of  the  chains  to  breakage. 

In  England  such   pulleys  are  replaced   by  beams  carrying  balance 
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weights ;  but  although  this  arrangement  is  safer,  it  is  much  more  expen- 
sive. The  stroke,  always  a  long  one  with  a  man-engine,  requires  beams 
of  large  dimensions,  and  they  cannot  be  lodged  in  the  shaft  without 
making  very  large  excavations  in  the  rock,  'which  are  very  exjiensive. 

Hydraulic  regulators. — To  regulate  the  descent,  a  hydraulic  regu- 
lator or  brake  is  also  used.  It  is  a  pump  furnished  with  a  suction- valve, 
and  the  outlet  of  the  pump  is  furnished  with  a  tap.  The  piston  of  this 
pump  is  fixed  to  the  shaft  of  the  lift ;  when  this  latter  rises  the  pump 
fills  with  water ;  when  the  piston  falls  the  water  can  only  escape  by  the 
small  opening,  and  the  issue  can  be  regulated  by  the  tap.  The  rapiditj' 
of  descent  may  thus  be  varied  at  will.  The  different  contrivances  we 
have  just  described  constitute,  properly  speaking,  the  whole  of  a  man- 
engine.  It  only  remains  to  mention  the  different  methods  of  putting  the 
apparatus  in  motion. 

THE  MOVEMENT  OF  THE  MAN-ENGINE. 

Up  to  this  time  two  methods  have  been  employed — the  direct-action 
engines  and  the  ordinary  steam-engine,  gi^ing  rotation  and  the  com- 
munication of  motion  by  a  crank.  The  first  idea  of  the  man-engine  con- 
sisted in  employing  the  pump-rod  for  carrying  the  men.  Stages  were 
fixed  on  the  rod,  and  in  connection  with  them  fixed  landing-stages. 
It  is  therefore  natural  that  with  this  origin  the  first  man-engines  should 
have  simple  motive  machines  and  cataracts.  Sine^  that  time  motion 
has  been  given  to  the  man-engines  by  ordinary  engines,  with  connecting 
rods  and  cranks ;  but  as  the  man-engines  work  very  slowly,  several  con- 
trivances have  been  used  as  intermediates  between  the  rods  and  the 
motive  power. 

When  direct-acting  engines  are  used,  there  is  a  stoppage  after  each 
stroke  to  give  the  miners  time  to  pass  from  one  stand  to  the  other. 
This  stop  varies  from  two  to  eight  seconds,  which  is  ample,  as  the  passage 
firom  one  stand  to  the  other  does  not  take  more  than  one  second.  This 
would  be  a  very  good  system  if  the  stop  were  always  rigorously  the  same. 
But  all  who  have  worked  the  machine  with  direct  single  action  and 
cataract  know  that  it  is  impossible  to  obtain  this  regularity.  The  irre- 
gularity may  indeed  cause  accidents.  The  miner  relying  on  the  normal 
time  of  the  stoppage  may  be  suri)rised  in  the  midst  of  the  movement  he 
is  making,  and  as  the  single-action  engine  starts  suddenly  and  very 
quickly  acquires  a  great  velocity,  he  may  have  one  leg  roughly  taken  up 
while  the  other  remains  on  the  stage  which  rapidly  goes  down. 

When  the  man-engiues  receive  their  reciprocal  motion  from  a  crank  on 
a  revolving  shaft,  there  is,  so  to  speak,  no  stoppage.  The  stages  which 
approach  each  other  are  hardly  on  the  same  level  when  they  separate 
again ;  but  by  taking  care  to  have  the  machines  pro\ide<l  with  regula- 
tors and  heavy  fly-wheels,  the  movement  is  regular  and  there  is  no 
change  to  surprise  the  miner  at  the  moment  of  his  passage  from  one 
stage  to  the  other. 
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It  must  not  be  forgotten  that  the  movement  of  the  machine  being 
uniform,  that  of  the  connecting  rod  which  commands  the  man-engine  is 
variable.  It  is  very  slow  at  the  commencement  of  its  stroke,  is  acceler- 
ated at  the  middle  of  the  stroke,  and  becomes  slow  at  the  end.  The 
miner,  thanks  to  the  regularity  of  the  movement  and  the  slowness  of 
speed,  when  the  stages  approach  the  same  level  and  separate  from  eadi 
other,  can  begin  his  passage  from  one  rod  to  the  other  a  little  before  the 
stroke,  and  continue  it  a  little  after. 

Exi)erience  proves  that  this  second  method  is  the  safest.  The  persons 
who  go  down  for  the  first  time  on  these  machines  do  not  experience  any  dis- 
agreeable sensation.  It  is  not  so  with  the  single  acting  machines ;  when, 
after  the  stoppage,  the  stage  lifts  or  lowers  a  person  suddenly  who  is  not  ac- 
customed to  them,  he  experiences  a  disagreeable  sensation,  (a  sinkiugatthe 
stomach,)  which  is  increased  by  the  sudden  stop  at  the  end  of  the  stroke. 

Man-engines  worked  by  direct-acting  engines,  in  order  to  raise  the 
same  number  of  men  in  a  given  time,  must  move  more  rapidly  than  when 
the  motion  is  communicated  by  a  crank. 

1-^t  us  suppose  two  man-engines,  worked  by  these  different  engines, 
having  a  stroke  of  3»".00  and  making  6  double  strokes  per  minute.    The 


Fig.  8. 


<  Ancending. 


speed  per  min- 
ute is  equal  to 
3"*  X 12  strokes 
single  =  36". 
Therefore, 
while  the  crank 
machine  will 
take  60  sec- 
onds to  go  over 
these  36". 00, 
or  a  mean  ve- 
D;i^ndin^->  locity  of  0«.60, 


Working  curve  of  the  Bt«ge  of  a  man-engine  when  actuated  by  a  dou-  the  single-act- 

Kle  acting  engine.  j^^  ^^^^^  ^^ 

take  60  seconds 
diminished  by 
12  stoppages, 
which  are  gen- 
erally of  2^  sec- 
onds =  30  sec- 
onds; its  speed 
must  then  be 
double— 1"JJ0. 
The  diagrams 
annexed  clear- 
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X   stoppan©.    ><   D««oeDdinK.'  ><    st^itige.     > ly  indicate  tiic 

difference  that 


<  Aacendinjc. 

Working  curve  of  the  stage  of  a  single-acting  engine. 

exists  between  the  working  of  these  two  methods.  (Figs.  8  and  9.) 
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In  these  corves  the  abscisses  represent  the  number  of  seconds  from  the 
beginning  of  an  oscillation,  and  the  ordinates  the  con-esimndiog  spaces 
imssed  over  by  a  stage. 

The  machine  with  single  action  predominates  in  Belgium,  while  the 
crank  machine  is  more  used  in  Germany  and  England.  The  single-acting 
machines  are  generally  placed  directly  over  the  nhaft. 

These  engines  are  comimsedoftwosteam-eyliuders  joined  together;  the 
piston-rods  are  attached  directly  to  the  man-eugine.  The  steam  acts  di- 
rectly  and  alternately  underneath  or  above  one  or  the  other  of  the  pistons. 

But  there  is  an  important  condition  to  be  observe^l,  which  complicates 
this  arrangement  a  little.  The  platfonns  of  the  man-engines  must  have 
exactly  the  same  velocity,  and  the  strokes  must  terminate  at  exactly 
the  same  moment,  so  that  both  sets  of  platforms,  will  be  conuecteti. 
This  problem  has  been  solved  in  two  principal  ways. 

The  first  consists  in  extendiug  the]>istou-Fods  through  the  upper  cover 
of  the  cylinders,  so  that  these  two  rods  may  be  connected  by  a  chain  work, 
ing  over  a  pulley.  Tliey  then  necessarily  movesimultaneously.  As  a  pulley 
working  between  the  cylinders  would  have  too  small  a  diameter,  two  lead- 
ing pulleys  are  placed  over  the  cylinders,  surmounted  by  a  larger  one. 

The  second  method  has  been  used  at  several  jilaces  in  Belgium  by  Mr. 
Uavrez,  already  mentioned.    The  construction  is  shown  by  Fig.  10. 


A  strong  rack  is  placed  o 
each  rod,  and  these  work  into 
opposite  sides  of  the  same  pin- 
ion, steadied  by  an  intermedi. 
ate  guide-rod.  Uniformity  of 
motion  has  thus  been  secured, 
for  it  is  evident  tbatwhen  one 
rod  descends,  the  other  must 
move  simultaneou.sly  and 
equally.  Every  precaution 
has  been  taken  by  the  con- 
structor to  prevent  breakage. 
The  teeth  are  strong  aud  care- 
fully cut  and  flanged,  and  up 
to  this  time  very  few  accideuts 
have  occurred. 

When  a  man-engine  receives 
the  motion  from  the  rotation 
of  a  crank,  the  two  rods  must 
also  be  connected  together  to 
secure  their  equal  motion,  and 
this  is  the  more  necessary 
where  there  is  only  one  engine. 

Themethods  of  liftingare  va- 
ried, Bod  we  will  only  mention 
some  at  the  principal  ones. 


Fig.  10. 


tUvrei'a  goMing  of 


fig.  11.— ■An»ngemeut  for  comniDnicsting  moUon  to  tbe  mda  of  %  HaD-engii 
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Balance  beams  and  varlets  are  worked  together  by  a  connecting  rod, 
moved  by  another  connecting  rod,  taking  its  motion  from  a  gearing,  the 
pinion  of  which  is  placed  on  the  main  shaft  of  the  steam-engine.^ 

Fig.  11  will  give  an  idea  of  this  arrangement.  To  avoid  the  great 
expense  incurred  by  these  balances,  Mr.  Graffin  suspends  the  rods  to 
flat  cables  which  pass  over  leading  pulleys  and  are  attached  to  the  two 
extremities  of  a  wagon  rolling  on  rails  and  worked  by  a  connecting  rod 
moved  by  the  engine. 

An  ingenious  arrangement  by  Messrs.  Vaux  and  Guibal  has  been  tried, 
but  its  utility  has  not  yet  been  established  by  practice ;  but  it  is^  never- 
theless worthy  of  being  noticed. 

Two  cylinders  are  placed  above  the  rods,  as  in  the  direct-acting  engines. 
The  engine  gives  motion  to  a  strong  pump  without  valves,  which  alter- 
nately forces  and  draws  water  from  the  cylinders  over  the  shaft  of  the 
mine,  thus  alternately  raising  and  lowering  the  pistons  attached  to  the 
rods  of  the  man-engine.  The  result  is  an  alternate  and  opposed  action 
of  the  rods.  This  plan  would  be  excellent  if  the  loss  of  water  could  be 
prevented. 

The  force  required  for  the  action  of  the  man-engine  varies  from  ten  to 
fourteen  horse-power  for  100  metres  of  height.  So  far  as  our  knowledge 
extends,  the  strokes  have  never  exceeded  four  metres,  except  in  an  appa- 
ratus which  was  designed  for  extraction  as  well  as  for  a  man-engine,  but 
which  was  abandoned,  and  in  another  very  ingenious  apparatus  by  Mr. 
Colson,  of  which  a  brief  notice  will  be  added. 

Instead  of  making  the  rods  of  a  continuous  piece  for  the  whole  depth 
of  the  mine  shaft,  which  requires  them  to  be  strong  enough  at  the  top  to 
carry  the  whole  weight  of  the  apparatus,  Mr.  Colson  divides  them  into 
a  certain  number  of  small  shatlts,  suspended  by  chains  to  pulleys,  bal- 
ancing themselves  two  and  two.  These  isolated  rods  are  much  lighter 
than  in  the  other  construction.  The  principal  rod,  extending  down  the 
whole  depth  of  the  mine,  binds  the  small  shafts  together,  without  sup- 
porting them ;  therefore  its  strength  must  be  proportioned  only  to  the 
strain  it  has  to  overcome,  which  is  very  little,  comi)ared  with  the  strain 
in  the  man-engines  with  continuous  rods.  Mr.  Colson  gives  a  stroke  of 
ten  metres,  which  he  obtains  by  the  alternate  winding  and  unwinding  of 
two  cables. 

The  velocity  of  movement  until  now,  except  in  the  Colson  machine, 
has  never  exceeded  fifty  metres  per  minute.  The  cost  of  construction 
varies  considerably,  accordine:  to  the  construction,  and  above  all,  acconl- 
ing  to  the  price  of  materials  and  labor  in  different  countries.  It  varies 
between  seventy-five  to  two  hundred  francs  a  metre  for  a  depth  of  200 
to  500  metres.  The  engines  made  recently  are  nearer  the  lesser  prie^?, 
and  hariily  exceed  the  sum  of  100  francs  i>er  metre. 

Special  and  detiiiled  descriptions  of  this  apparatus  wiU  be  found  in  the 
following  named  works,  from  which  a  part  of  the  info 
given  has  been  taken : 

I  In  Freiberg  the  Fahrkanst  is  opemted  hj 
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Portefeuille  de  Cockerill ;  Zeitschrift  des  cesterreichischen  Ingenieur- 
Vereins,  10^^'  Jahrgaug ;  Aimales  des  Travaux  Publics  de  Belgique,  vols. 
4  and  6 ;  Annales  des  Mines  de  France,  5™«,  vol.  xv  j  Revue  Universelle, 
vols,  iv,  v,  vi,  xiv,  xvi. 

PARACHUTES. 

The  great  depths  to  which  mining  operations  are  now  carried ;  the 
increased  rapidity  of  movement  of  the  cages,  (often  as  great  as  thirty 
and  forty  feet  in  a  second,)  and  the  paramount  obligation  to  protect  the 
lives  of  tlie  miners  who  often  ascend  and  descend  by  the  cages,  has  led 
to  the  adoption  of  a  variety  of  contrivances  for  arresting  the  fall  of  cages 
in  the  event  of  the  breakage  of  the  cables  by  which  they  are  suspended. 
Such  contrivances  are  known  as  parachuten. 

The  great  velocity  of  hoisting  requires  the  cages  to  be  guided  in  the 
shafts  by  vertical  tracks,  which  are  commonly  constructed  of  wood, 
thougli  of  late  they  are  being  replaced  by  iron  and  steel ;  these  tracks, 
called  (fuideSj  being  continuous  and  equidistant  along  the  path  of  the 
cage,  furnish  a  foundation  upon  which  the  various  parachutes  can  act  to 
sustain  the  cage  in  the  event  of  breakage. 

A  large  number  of  patents  relating  to  this  important  and  indispensa- 
ble apparatus  have  been  taken  out,  but  it  may  be  said  that  there  are  only 
three  plans,  and  that  these  originate  from  the  same  principle — levers 
drawn  up  and  in  wanl  by  the  traction  of  the  cable,  and  in  an  opi)osite  direc- 
tion by  the  tension  of  a  spring  which  tends  to  throw  the  levers  outward 
upon  the  guides,  so  as  to  press  ui)on  or  into  them  with  a  force  capable 
of  stopping  the  fall  of  the  cage  in  ease  of  the  rupture  of  the  cable. 

All  parachutes  combined  and  constructed  on  this  principle  have  given 
satisfactory  results,  and  it  may  be  said  that,  if  the  security  obtained  is 
not  complete  and  absolute,  they  have,  nevertheless,  rendered  such  great 
services  that  their  application  has  become  a  question  of  humanity,  which 
cannot  l>e  ignored.  The  following  figures  will  speak  in  a  stronger  and 
more  peremptory  manner  than  any  description  can  to  persuade  miners 
and  engineers  to  adopt  i>iinichutes  in  their  mines.  At  the  mines  of 
Anzin,  from  1851  to  1839,^  in  fourteen  shatts  supplied  with  parachutes, 
twenty-nine  cable  ruptures  occurred,  after  which  parachutes  were  adopted 
and  saved  the  lives  of  one  hundred  and  fifty  men.  What  can  be  more 
elociuent  and  more  persuasive  than  this  fact  f 

At  the  nunes  of  Hlaiizy  the  ex|>erience  hiis  been  similar,  and  it  is  proba- 
ble that  if  an  account  hrni  l>een  taken  of  all  the  accidents  by  the  rupture 
of  cables  in  Euroi>e  since  )uinichutes  came  into  use,  it  would  show  that 
the  men  who  have  been  thus  saved  from  certain  death  can  be  numbered 
bv  thousiinds. 

In  oriler  that  a  |>aniohute  should  act  well,  it  is  neeessary  that  the 
strenghi  of  the  spring  should  be  etpial  to  IM  kilogrammes.  (300  iMmnds,) 
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and  then  tbe  weight  of  the  cage  makes  the  rest;  and  the  heavier  that 
weight  the  more  energetic  ia  the  grasp  on  tlie  gnides. 
As  we  liave  said  before,  there  are  three  types,  viz : 

1.  The  parachute  with  claipg,  which  acts  by  a  pressure  exerted  ujiou 
tbe  guides  »nd  tending  to  penetrate  them  longitudinally. 

2.  The  parachute  tcith  eccentriet,  which  acts  by  a  presaare  exerted  lat- 
erally on  the  faces  of  the  gnides,  and  perpendicularly  to  the  plane 
which  passes  through  both  their  axes. 

3.  The  wedge  parachute,  which  acts  by  means  of  a  set  of  metallic  Jaws 
taking  hold  of  the  guide,  which  is  made  wedge-shaped.  Tliis  paraclnite 
gives  a  lateral  pressure  exercised  upon  the  faces  of  each  guide,  and  per- 
pendicularly to  the  plane  of  the  parachute. 

These  several  types  will  be  considered  cme  after  the  other. 

FONTAINE'S  CLAW  PARACHUTE. 

The  Fig.  12  represents  Fontaine's  parachute  with  claws.  It  is  the 
oldest,  and  was  constructed  and  put  in  use  at  the  mines  of  Anziii,  and 
may  be  said  to  have  originated  with  this  company.  At  first  this  para- 
chute was  supplied  with  only  one  spring,  but  two  are  now  used,  as  shown 
by  the  drawing.  It  was  the  type  exhibited  in  Class  47,  upon  the  two- 
story  cage;  sent  by  the  company  o{  Anzin. 
Fig.  12. 


Guide.  Pontaiue's  Parachnte.  Onide. 

Hie  two  stout  terers  or  claws  are  armed  with  sharp  at«el  poiabL  aitd 
an  so  placed  in  the  frame  that  when  the  cage  is  s 


by  the  cable,  these  claws  are  drawn  up  so  an  not  to  touch  tlie  Rutdes. 
two  sti-oug  Bpirnl  springs,  rp[)laci'd  in  some  piiTsu;hiit«a  by  Btvel  elliptic 
springs,  are  placed  below,  and  iti  the  event  of  the  breaking  of  the  <»ble 
Ibey  draw  down  the  upper  ends  of  the  daws,  and  tlie  lower  and  »t«e]- 
amied  ends  are  forced  outward  into  contact  with  the  wooden  guides, 
penetrating  and  sometimes  splitting  them.  The  cage  is  thus  arrested  in 
its  fell,  and  is  sustained  entirely  by  the  wedging  of  these  claws  ugmust 
the  guides  and  timbers  of  the  shaft.  Tliis  coiLstmction  hn«  given  satis- 
ftctory  resnlts  in  saving  the  lives  of  men,  but  the  claws  injure  or  destroy 
tiie  gnide*!.  It  also  necessitates  the  use  of  very  heavy  timbers  for  the 
guides  and  their  supports,  inasnuich  as  pressure  from  the  chiws  is  ex- 
eartf'il  in  one  dirci'tioTi,  ;i:iil  if  llu-  jruidi'.H  slu.iilil  vii'ld  or  l>fiid  onlward 
the  clXect  wuuid  bu  luaL.  Tiic  liiil  ciJsL,uI'aiuJiiit;a\  J  yLiidiiS  imd  timber- 
ing  is  veiy  great,  and  any  accident  by  destroying  a  portion  of  the  gtddee 
requireB  A  great  expenditme  for  repairs. 

AUDEIUB'8  PASACHDTB. 

In  order  to  avoid  theae  dif&cnltieB  ol^er  oonstanctioiiB  bave  been  de- 
vised ;  one  by  TSx.  Aadeniar,  engineer  in'  the  swvioe  of  the  mining  otna- 
pany  at  BUnzy,  is  shovn  by  Figs.  13  and  14.    It  OMisists  of  fimr  eooen- 
Fig.  IS.  ■ 


Andomar'a  Paraclint^. 
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Fig.  14. 


Andemu'B  Parachute — section  ehoiring  one  of  the  spriugs. 
trie  wedges,  two  on  ea«h  side,  aud  placed  ou  opposite  aides  of  the  guidt^s ; 
tlie  release  of  the  springs  by  the  breaking  of  the  cable  causes  these 
eccentrics  to  turn  and  to  powerfully  sqaeeze  the  guides,  and  thus  stop 
the  descent  of  the  cage.  This  parachate  is  as  certain  in  it^  action  as 
that  of  FoDtaiue,  aud  does  not  split  the  guides.  The  guides  and  the 
framework  may  also  l>e  made  much  lighter,  for  tliere  is  uo  outward 
thnist  or  pressure  tending  to  bend  or  break  the  timber. 

The  spiral  springs  used  by  Mr.  AudemRr  are  made  of  steel  wire  0^.01 
in  diameter.  When  fully  expanded  they  are  0",39  long,  (nearly  10 
inches,]  and  they  way  be  condensed  to  a  length  of  0".25 ;  but  in  order  to 
preserve  their  full  elimticity,  the  springs  are  condensed  from  0™.09  to 
0™.ll  only.  A  compression  of  0'°.09  is  sufficient,  and  this  gives  a  re- 
sistance of  ISO  kilogrammes,  (about  360  pounds.)  Motion  is  communi- 
cated from  the  springs  to  the  eccentrics  by  menus  of  nrnis  and  levers,  as 
shown  in  the  figures.  Fig.  1.3  shows  the  jiosition  of  these  arms  and  the 
eccentrics  when  the  cage  is  Huspeuded  by  the  cable ;  aud  Fig.  14  shows 
their  petition  when  the  strain  from  the  cable  is  released  and  the  springs 
are  expanded.  The  spiral  springs  are  contained  in  cylindrical  boxes, 
one  part  sliding  over  the  other.  One  of  these  boxes  and  the  spring  ai-e 
showu  in  sectiou  in  Fig.  14. 

UICHATS  PABACaUTE. 

A  variety  of  the  same  type  as  the  Blaozy  constractioD  waa  exhibited 
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by  a  model  in  the  French  section,  designed  by  Mr.  Michat.  The  conntrnc- 
tion  is  shown  with  sufficient  cleamcaa  by  Fig.  15,  appended,  and  a  de- 
scription is  unnecessary.  It  is  evident  that  it  does  not  differ  eaaentiaUy 
from  the  parachute  just  described. 

tig.  15.  Fig.  16. 


Bianue's  Parachate. 


BKAUNE'S  PARACHUTE. 

Fig.  16  indicates  a  tliird  variety  of  the  same  type,  bat  it  differs  from 
the  others  by  its  extreme  simplicity  and  the  nature  of  the  spring.  This 
apparatus  was  exhibited  in  Class  47  of  the  Pmssian  section,  and  origin- 
ated with  Mr.  Braune,  the  chief  engineer  of  the  mines  of  the  Vieille 
Montagne  Compnny.  Instead  of  steel  springs  he  uses  an  india-rubber 
band  spring.  It  has  been  in  use  for  the  last  three  years  with  satisfac- 
tory results,  but  we  regard  it  as  designed  for  the  protection  of  the  mate- 
rial of  the  shaft,  rather  than  for  the  safety  of  the  men,  and  ve  should 
hesitate  to  apply  it  to  cages  used  for  the  ascent  and  descent  of  miners. 
It  has  been  used  chiefiy  in  mines  where  the  loads  to  be  lifted  are  Dot  so 
heavy  as  those  raised  from  collieries. 

PAHACHUTE  WITH  WEDGES. 

The  third  type  of  parachute  is  constructed  with  wedges.  It  may  be 
called  a  parachute  mth  claws,  in  which  the  latter  are  replaced  by  a 
metallic  jaw,  in  the  form  of  a  hollow  wedge,  fitting  to  the  form  of  the 
guide,  which  is  made  wedge-shajwd.  When  the  parachute  with  the  cage 
ia  sustained  by  the  cable,  the  jaw  moves  along  the  guide  without  touch- 
ing it ;  but  if  a  rupture  occurs,  it  then  presses  npon  the  gnide  in  snch  a 
maoQer  that  the  jaws  wedge  powerAilly,  and  arrest  the  descent  of  the 
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cage  within  a  distance  of  only  0™.25  or  0™.30.    The  action  is  thus  very 
prompt,  but  it  is  so  gradual  that  there  is  no  perceptible  shock. 

This  construction  does  not  injure  the  guides,  and  it  has  the  advantage 
over  the  parachutes  of  the  second  type  that  iron  guides  may  be  used, 
the  reduced  size  of  which  is  much  less  cumbei*some  in  shafts  than  heavy 
timbers.  It,  however,  requires  the  guides  to  be  made  with  great  accu- 
racy, and  uniform  in  size  and  angle  of  the  wedge,  and  the  difficulty  of 
obtaining  them  has  prevented  this  construction  of  parachute  from 
coming  into  general  use. 

In  conclusion,  it  may  be  observed  that  although  parachutes  cannot  be 
said  \o  have  reached  perfection,  (there  certainly  being  great  room  for 
improvement,)  they  have  rendered  the  greatest  service  in  mining  oi>era- 
tions,  have  prevented  -great  losses  of  life  and  property,  and  should  be 
attached  to  every  mining  cage  in  use. 
6m 
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CHAPTER  V. 

KE-CRUSHING  AND  ORE-DTIKSSING  MACHINERY' 
AND  PROCESSES. 

totoPCToRT  soTK'B  OF  niK  roNnmoN  or  tub  «rt— Sew 

fWOOn    IN    ORK-DREMIKO     N1C&IXR8 — ORR-BRSAKIIfa    I 

K-DHKAKKR,   rrit   (.-UXMTBl'CTION    AMI!    OPERATION — t'Rl'NIIINM   IlY   KOU^ 
K— SxAJlf-MU.tJl — RlTTINOtllt's  IMl'llt)VKI>  S'tAMI'-MILL — IIIOK-8TBM    §T.lMPt4 — ORK- 

oRBs— TitEATMicsT  nr  CTAMf  KTvrr—WMmsa  by  nikvkh  asu  jiub— 

tPAKtlWK   Ol^  IIHKS   BY    fAUJNG  TUIIOI'IIH   A   CIll.LIMK   OP  WATKK— SUMt  SKPifU- 
■SUAKIXR   TAIUJCS  ASP   I'llH^l'iall   IHtlDLI'Jt — CU4I»   KLBVITOKB— CoMCI:l'»Hl». 

INTRODUCTION.- 
^lenrt  of  nre-rlreHsiiig,  or  the  separation,  cleansing,  and  concentra- 
D  erf  minerals  and  ores  liy  meclianifiil  means,  haa  made  great  progress 
bin  Uie  ln->«t  twenty  yenrit.     It  i.s  nii  art  which  haft occnpied  the  ntteu- 
I  of  goveriinu'Tit  mining  engineers  Aud  prtivtieid  men  fn  all  mining 
intries,  bnt  iiarticiilarly  in  Austria,  Prance,  I'nissia,  Saxony,  and  in 
»t  Britiiin  ami  the  ITnited  States.     Not  only  have  great  improve- 
R  and  modiReatiimH  lieen  nmde  in  machines  and  procesaes  long  in 
*^fiBe,  and  many  new  and  imiKtrlaiit  machines  been  inveule^l,  but  the  con- 
Hlnietioii  ttf  nil  miwhiriery  lor  these  pHqw^'s  has  \>wn  eanieil  w  n  great 
degn>e  of  aeciiniry  nod  perfection.    Thin  was  shown  in  a  striking  man- 
ner by  the  exhibils  in  this  chiR«  at  the  Hxixmitinn.    The««?  exhibits  e«m- 
prlxed   some   of  Ihc  nioMt  iminirtant  and   interesting  of  the  modern 
inuchiiics,  of  fall  size  aud  in  operation,  together  with  models  and  draw- 
u- jujCB  iif  others.     It  was  evident  that  with  theite  improvtxl  machines  it  is 
^■Hwsible  tn  obtain  ee^nomit-al  retiidt»  of  gifat  imi>ortatiee,  and  U>  a  greAt 
HKteRt  to  Hupers(>de  hand  labor  in  <»redrcs»ing,  and  at  the  Hame  time  h> 
"■•l^rflirm  the  work  i>ettcr  and  with  greater  rapidity,  »o  that  rough  orcji 
which  were  fonnerly  too  i>oor  to  be  worked  can  now  l>e  ooncenti-ated 
with  profit. 

The  two  most  prominent  exhibitors  were  Mr.  P.  de  Riltinger,  of  Aiis- 
tnii,aiid  Mi'ssr*.  lluetandOeyler,  of  Pnuuv.  The  mntrhinery  now  in  nae 
iu  the  I'niter)  StatcK  aud  in  Australia  wait  not  n^prcoented.  To  e.och  of 
dbovc  mentioned  exhibitors  gold  medals  wejv  awardeil  for  ilMtir 
live  machines.  Ilie  oiaterials  used  by  these  i-'(hibit4irK  in  the  eon- 
upparalns  are  ipiile  ditterenl.  Kittioger's  muchiom 
1  and  iron;  those  of  llnet  und  Oeyler,  of  metal  a 

inxtruclion  of  such  inaehineHdeiHrniLi 
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npon  the  relative  cost  of  the  materials  at  the  place  of  manafacturc,  and 
ox>on  the  conditions  under  which  the  machines  are  to  be  used.  At  the 
Austrian  and  Hungarian  mines  wood  is  abundant  and  cheap,  and  is  used 
in  construction  almost  to  the  exclusion  of  iron.  In  Paris,  however,  thf 
reverse  is  the  case,  and  Messrs.  Huet  and  Geyler  have  excluded  wood  from 
all  the  machines  which  they  manufacture.  It  is  claimed  by  these  con- 
structors, also,  that  iron  is  much  better  than  wood  for  all  ore-dressing 
machinery  for  several  reasons,  which  are  enumerated  at  considerable 
length  by  them  in  a  memoir  upon  the  mec*.hanical  preparation  of  ores.^ 
They  urge  that  although  wooden  machines  may  be  made  with  the  great- 
est accuracy  and  care,  they  are  no  sooner  put  into  place  for  work  than 
they  begin  to  swell  and  warp,  and  in  the  case  of  a  circular  buddle,  for 
example,  the  whole  surface  must  be  made  anew.  Then,  if  for  any  cause 
the  operation  of  such  machines  is  suspended  for  a  time,  the  wood  dries  and 
shrinks,  and  when  they  are  again  set  in  operation  they  are  always  found  to 
be  out  of  order,  and  to  require  extensive  repairs.  Another  important 
objection  to  wood  is  the  great  bulk  of  the  machines  made  of  it  as  com- 
pared with  those  made  of  iron  of  equal  strength.  Again,  wooden  machines 
do  not  bear  transportation  to  distant  regions,  neither  are  they  so  durable 
or  so  exact  and  regular  in  their  operation  as  machines  made  of  iron. 

With  cast  iron  the  most  favorable  forms  can  be  given  to  those  parts 
with  which  the  stuff  to  be  worked  comes  in  contact.  All  unfavorable 
angles  and  joints  can  be  avoided.  The  constructors  say  that  with  iron 
and  cast  iron  the  forms  of  machines,  and  of  their  various  parts,  recog- 
nized in  practice  as  the  most  favorable  to  the  end  in  view  can  be  adopted. 
The  joints  being  perfectly  tight,  the  loss  of  earth,  wjiter,  or  ore  is  pre- 
vented. No  change  of  form  in  the  machines,  or  any  injury  to  them, 
need  be  feared  by  their  exposure  to  either  dryness  or  moisture.  If  they 
are  required  to  remain  unused  for  a  greater  or  less  time,  or  if  they  have 
to  be  transported  to  a  great  distance,  they  are  not  injured.  Changes  of 
season  or  climate  do  not  affect  such  machines.  During  the  severity  of 
winter,  the  taps  being  opened  and  the  tubs  and  pipes  being  drained  of 
water,  the  hardest  frosts  will  not  injuriously  affect  them. 

These  advantages,  and  the  necessity  for  machines  that  can  be  trans- 
ported to  distant  regions  unchanged,  has  already  been  recognized  in  the 
United  States.  Iron  has  for  several  years  past  been  extensively  substi- 
tuted for  wood  in  the  construction  of  stamps,  batteries,  and  concen- 
trating machines  in  California  and  Nevada.  Most  of  the  concentrating 
machines  and  batteries  now  in  use  in  California,  Nevada,  Idaho,  and  North- 
em  and  Western  Mexico  are  made  of  cast  iron.  When  such  machines 
(made  in  San  Francisco)  arrive  at  their  destination,  they  can  be  set  up 
and  put  in  operation  at  once,  without  requiring  alteration  or  repairs. 

Without  attempting  in  this  report  to  consider  the  whole  subject  of  the 
mechanical  preparation  of  ores,  or  the  principles  involved,  we  shall  briefly 

'M^oire  sur  I'outillage  nouveau  et  leB  modifications  apport<k»  dans  les  proc^^ 
d'enrichiBsement  den  miuerais ;  par  Mesan.  Huet  et  GeyleTi  Ing^nieun,  anciena  dl^ves 
de  r£eole  Centrale,  Paris,  1866. 
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^BM-Tibe  some  of  the  tiumt  imporhuit  of  llit'  inii(>|jiii<-9  brought  lo  tfav 
^Mticenf  tlie[»iibliL-ul  tlioE!(|)ositioii,aTiil  ii<>Iciiii.-iil«-iilull,vM>ini.>(>thi'rs,  io 
^Hd«r  t<)  give,  lis  far  an  |Ki»sihl(>  wit  liiii  tlic  limits  of  thtfi  rritort,  a  cniimHtted 
^H^  t>r  tbc  ml  of  oR'-ilif osiii^.  \Vi>  stiall  tliiis  sucrefutirply  coiiHttUT — 
^■S.  Mat^liitiet*  for  bruHkiiig  ami  ))tilvLinziiig  ores; 
^■S.  Suniti};  or  diiNsilicatiuit  ol*  tbe  &a-fmpntA  au<l  flue  luatermli*. 

^1— MACIIINKS  roR  BKEAKIN(J  AXI>  PrLVEUIZING  OKEa 
^ft  KLAKE'S  BOCK  -  BBEAKER. 

^vTIk'  |>ri')i[iiiiiitr.v  breaking  or  cnisliiiig  of  larfjce  niiMs<^'S  of  ort>  is  iiow 
^BRh'U-iI,  to  a  gi't'Dt  oxtciit,  in  Kiiropi-  antl  tin-  TTiiUihI  Btatt-H  by  nirunH 
^B  tbc  nmohiiii'  knuwti  ns  Itlakc's  rtH?k-bn')ik(>r,  llie  invcntinii  of  Kli 
^■liitiiey  Hlako,  of  Xew  llavi>D,  (lonnecHcmt.  Two  ma^thintw  of  tbix  kiml 
^^K«  exhibitvd  ill  tbt-  French  section  by  Mcfwrs.  Hut>t  and  (lOyliT,  who 
^Bnufw^ture  uurler  tlie  patent  in  Franw.  The  gencml  constniclion  of 
^Bb  mncbiiio  bus  been  n'ntlt^i-vtl  rumiliai-  by  utnnertitM  flgnrctt  ami  publi- 
^Htioiut  in  Ui«  Umt<.*(l  StittoM  and  in  Kuro|K'.  It  vousists,  CHHcntially,  of 
^Htrung  imii  frame,  sup^iorting  upriglit  convergent  iron  jawfi,  a<-tiiatMl 
^K  a  revolving  shaft.  The  atones  or  masses  of  ore  to  l»e  bn>ken  are 
^HppptKl  t)vtween  these  jaws,  and  a  short  rnci prorating  or  vibnil.ory 
^Btion  Iwing  given  to  one  or  Iwitli  of  them,  tlie  »tone»  are  ernxliei),  and 
^B^i  lower  and  lower  in  the  (!4>nverging  or  wHge-»hape<l  g[taee,  until 
^■gr  ore  sufficiently  broken  to  drop  out  at  the  bottom.  The  nim  of  tbo 
^BUten  fh)gment»  may  Ik-  rt^gulated  by  increu^ng  or  diminishing  tiie 
^Hte  of  thia  opening  between  the  jaws. 

^BpSie  type  of  the  nincldne  made  in  Fr.tiice  in  the  same  as  that  gituor- 

^H||r  uiwd  in  t^ngland,  ami  differs  from  the  eoaimon  consij-u(!tion  ia  Uiiii 

^■^(Kit :  that  the  lover  is  diisjienscd  with,  and  the  pitman  from  tiK-  tMK»ii- 

^Bo  abaft  or  <'rauk  oi>erateH  directly  iil>uu  the  toggles.     A  lew  miM.-hine« 

of  this  pntt<.'vn  have  been  made  in  California.    The  arrangement  of  the 

piu'Ia  ift  ishowii  by  thi-  section,  Pig.  17.    The  mouth  of  thi«  niAchine,  m 

iMfnstmi^led  by  llnet  &  Oeyler,  i*  expande^l,  hopjier-llke.  ko  hh  to  be 

more  eoiivenieiit  for  the  reeepUon  of  the  massea  to  be  broken.    Tliix  may 

Im  a  desii-able  addition  in  some  caAea,  wbore  com[taratively  small  t<tull' 

ifl  to  be  brukuu  and  in  t<i  l>e  ahovebnl  in  fVom  a  Huor  low-ur  than  (be 

ti  of  thv  mavliine;  bat  when  the  month  Is  iihuvd,  u»  it  should  be, 

ft  leTel  with  the  floor  of  the  dump  pile,  the  hopiwr  i»  imt  rv<iuired. 

9ie  rock-bteaker  may  b<-  sueceHNlnlly  umhI  insti^'ad  of  stamps  to  otitain 

ooanie  or  tine  friigmcuts  suited  lo  eorieent ration.    Mesars.  linet  and 

rsei'k  to  inerease  the  fluenesa  of  the  product  of  the  oiaRbinu  by 

iK  nil  "oblnralor"  or  obstruction,  suuh  an  a  triangular  bar  of  Iruu, 

r  tbt-  outlet  between  the  Jawn,  an-aiiging  it  ho  that  it  can  be  ntjsud 

werctd  by  mvamt  of  ^rews,  so  a»  to  diiulni.nh  or  incn-MSe  the  »lze  of 

for  file  delivery  of  the  irnuluil   stitlf.     TIm-  eflfect  uL'  Uua 

rautiiiu  ia  to  relaiu  the  stuff  between  tbe  Jaws  until  it  i] 

II  fud  uommiuuttfd  that  it  will  sifl.  through  the  Durroir  i( 
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Blake  8  Bock  breaker 
each  side  of  the  bar.    This  method  of  operating  le  ancce^ful  with  some 
materials,  but  involves  a  considerable  expenditure  of  power,  and  it  is 
attended  with  some  danger  tn  the  machine 

The  fragments  of  ores  produced  h\  rock  breakers  are  better  adapted, 
in  size  and  shape,  to  washing  and  concentration  by  jigging  than  those 
from  rollers  and  stamps.  With  hard  and  silicions  rocks  the  breakers 
work  dry,  but  when  the  ores  are  argillaceous,  and  are  inclined  to  pack, 
it  is  necessary  to  employ  a  large  quantity  of  water  in  order  to  obtain  the 
best  results. 

Cbusuing  bt  roll£B8. — A  mmliflcation  of  the  well-known  Cornish 
crusher  was  exhibited  by  Messrs.  Huet  and  Geyler.  They  snbstitute 
springs  of  vulcanized  rubber  for  the  lever  counterpoise  usually  employed 
to  keep  the  surface  of  the  rolls  in  contact.  With  springs,  the  resist- 
ance increases  as  the  rolls  become  more  and  more  widely  sejiarated 
by  the  stuff  to  be  crushed.  These  rollers  were  beautifully  made,  and 
worked  very  well.  They  were  geared  together,  but  were  driven  by  a 
belt. 

Stamps. — There  were  two  exhibitors  of  stamp-mills — one  from  Sweden, 
a  wootlen  model  showing  the  ordinary  construction ;  the  other  by  Mr.  de 
Rittioger,  of  Austria,  also  a  model.  This  last  sliowed  some  interesting 
modifications  of  ordinary  stamp-batt^'ries,  intended  to  increase  the  de- 
liverj"  of  crushed  stuff  through  the  grates  in  wet  crushing. 

RiTTiNOSB's  BATTERY. — The  geuend  constniction  of  the  buttery  is 
the  same  as  In  common  use  in  Europe,  with  this  diffw«uce,  that  a 
water-box  is  adapted  to  the  front  of  the  grates  so  (hat  th^  an 
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wholly  or  partly  imincrseil  in 

T,  Its  itliuwn  ill  tlie  nC'C-umpa- 
iiyiiig  (Iriiwing,  Fig.  J8.  Thn 
swii»ii  uud  stroDg  cmitjiits  pro- 
iluwd  Iiy  the  fall  of  tho  »tiiiups 
uiiKb  l)oth  faces  of  thi?  graWa 
mill  kceji  lilt'  oj>e]iiiigs  dean  and 
fn'c,  Ro  thai  the  stuff'  jjassea  more 
nipidly,  while,  at  the  same  time, 
;i  (lelivwry  or  escrtpft -piiKr,  lead- 
ing fnmi  (be  bottom  of  thv  wati^*- 
liox  i-oiiHJdembly  betuw  the  level 
•  if  the  water  in  the  moruir,  deter- 
DiineH  a  strong:  and  eonslaut  ear- 
rent  tlimngh  the  uieshea  of  the 
^lU^  oiitwtml.  An  luerenAe  of 
the  protluet,  with  a  dimiuiitiou  in 

ttiuouiit  of  sliino,  is  claimed 
be  the  renuit  of  tliiii  eonstnic- 
The  crashed  sltiff  passus  off 
with  the  water  through  the  cs- 
t-ape  pipe,  and  the  amount  of  wa- 
ter rc<iHire<i  rs  less  than  in  the 

Inary  vonHtrnutioii. 


the  ] 


^^11 


Hittinsi^r'tt  ImjirovMl  Sianiiw. 


[OM-STEM  STAMPS. — Some  iroii-Kt«m  stamps,  with  cjtst-iruii  frames 
mcirtara,  have  been  made  by  Messrs.  Ilnet  and  Oeyk-r  for  the  mill  at 
of  Serena,  in  Estram:idura,  S|>Bin.  Thv  stiuiips  do  not  n-volve, 
iirid  thi'  nuns  work  thi-ough  the  center  of  the  stem,  and  not  upon  a  cylin- 
lUical  tappet  sutroundiD^  a  revolving'  stem,  as  in  the  Callfoniia  ItatterieA. 

11.— OUE-UUESSING  MACHINERY  AND  I'lttH'ESSES. 
iUCIIINKS  I'OR  CLASSlFVIXIi  OK  «/.lNO  CRITSIIKD  DltES. 
U  the  nechiinical  concentration  of  ores  a  proper  cliweiflcatiou  or  oixius 
9te  particles  is  one  of  the  principal  eleouenta  of  success.     It  must  not 
d  ti>  a  great  cxti'cme,  or  be  [lerformed  too  roughly.    A  gtvut 
t  fonuK  an<1  c^mhuiations  of  .lievai,  senntus,  and  trommeU  are 
r  the  separation  of  the  coarse  from  tli«  &nv  partivJeM. 

El,8. — Messrs.  Iluut  and  Gcyler  cxbihlt^d  a  class! t^'iug  trommel 

I  Houie  n<HtH-ct«  nuvd  tn  its  arraufjement.    It  is  not  supjKjrted 

D  a  shaft  pashiug  through  fntui  end  to  end,  but  it  iii  suatuiinn]  by,  and 

in,  tniuiiioas  at  each  enil,  as  shown  by  Fig.  I'J,  which  is  a  sec- 

[  rvprvsentalion  of  a  distiibatiu^  trununel  conslructed  no  as  to 

y  A  syslcm  of  four  twin  sJi^ves.    Tills  tnunmel  was  in  o|M>j-ation  iu 


uf  L'iast^  47. 
|h6  tmsbud  st.uO*  in  iDtrodnccd  hy  the  hollow  trnuniu 
agrate  or  iron  phitv  11^  jH'xfuruteil  with  birgc  bolus.    The  sLuCr  whJ 


88 


PARIS   UNIVERSAL   EXPOSITION. 


passes  this  plate  falls  upon  a  second  plate  C,  with  finer  boles,  where 


Fig.  19. 


it  is  again  divided,  and  the  finer 
parts  paBS  through  to  the  outer 
platei  of  all.  Each  compartment 
has  suitable  openings  at  inter- 
vals in  the  annular  crown  at  the 
end  for  the  delivery  of.  the  dif- 
ferent grades  of  stuff.  With 
this  apparatus  four  grades  are 
usually  obtained. 

Perforated  iron  plates.— 
Perforated  iron  plates  are  now 
generally  used  instead  of  wire 
screens,  which  wear  out  too 
quickly.  It  is  essential  to  the 
best  working  efi^ect  that  the 
thickness  of  perforated  plates 

Section  of  a  Distributing  Trommol.  should  always  be  lesS  than  the 

diameter  of  the  holes  punched  in  them.  The  space,  also,  between  the 
holes  in  the  finer  plates  should  not  be  greater  than  the  diameter  of  the 
holes,  and  in  the  medium  plates  half  a  diameter,  and  in  the  coarser 
plates  one-third  of  the  diameter  of  the  holes.  In  France,  perforations 
less  than  0™.002  in  diameter  are  considered  as  fine;  those  between 
0°».002  and  0™.005  are  medium.  The  fine  numbers  begin  at  0~.00a5.  The 
finely-perforated  plates  for  trommels  are  generally  made  of  copper,  and 
the  other  sizes  of  steel. 

Some  of  the  best  exhibits  of  metal  plates  that  we  observed  were  made 
by  Mr.  Deny  and  by  Mr.Callard,  of  Paris,  and  by  Henry  Foulon,  of  Liege, 
Belgium.  In  the  United  States  section  samples  of  perforated  iron  plates 
of  dilFerent  grades,  such  as  are  used  for  battery  screens  in  stamp-mills 
in  crushing  gold-bearing  quartz,  were  shown  by  the  Union  Iron  Works 
of  San  Francisco,  through  J.  S.  Detrick. 

TREATMENT  OF  STAMP  STUFF— WASHING  BY  SIEVES  AND  JiIGS. 

The  simple  hand-sieve  is  the  most  ancient  form  of  apparatus  for  sorting 
and  concentrating  ores  in  water,  and  it  is  still  in  use.  Numerous  modifi- 
cations have  been  made  from  time  to  time,  with  the  object  of  increasing 
the  product  by  increasing  the  size  of  the  sieve  and  supporting  it  in  a 
frame,  as  in  the  hand-jig  or  brake-sieve,  the  construction  of  which  is  fa- 
miliar, and  by  substituting  machine  power  for  that  of  the  hand.  Much 
attention  has  also  been  directed  to  the  construction  of  automatic,  or  con- 
tinuously working,  jigs,  by  which  the  stuft*  to  be  washed  enters  in  a  con- 
stant stream,  and,  after  being  washed  and  concentrated,  is  delivered  in 
two  separate  portions,  without  stopping  or  requiring  manipulation. 

In  such  machines  the  sieves,  instead  of  being  alternately  plunged  into 
and  raised  out  of  a  vessel  of  water,  are  made  stationary — are  fixed  flrmly 
in  a  tub — and  the  water  is  made  to  alternately  rise  and  taU^  so  as  to  ^ 
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in  a  strong  current  through  the  meshes  of  the  sieve  and  the  layer  of  ore 
above  it.  This  motion  of  the  water  is  produced  by  means  of  plungers 
or  pistons  acting  below  the  sieve,  either  vertically  or  horizontally,  or  by 
elastic  diaphragms,  (as  in  Petherick's  separator  at  Fowey  Consols,  1831,  y 
which  are  alternately  pushed  out  and  in,  as,  for  example,  also  in  Edwards 
and  Beacher's  patent  mineral  and  coal-washing  machine. 


In  France 
some  of  the 
earliest  auto~ 
matic  sieve 
washing  ma- 
chines were 
designed  for 
washingcoal? 
as  in  that  of 
Berardando^ 
Menier,  the 
general  ar- 
rangement of 
which  is  seen 
by  Fig.  20. 


Fig.  20. 


Beranl  and  Menier  Coal-washing  Machine. 

In  1855  Messrs.  Huet  and  Fig.  21. 


Geyler  constructed  an  auto- 
matic machine  with  a  valve 
in  the  center  of  the  sieve, 
through  which  the  concen- 
trated stuff  could  be  deliv- 
ered. Although  the  first 
trials  were  not  successful, 
the  results  were  sufficient  to 
encourage  further  efforts. 
The  great  difficulty  was  that, 
after  the  concentration  had 
been  effected  Upon  the  grate, 
opening  the  valve  caused 
such  a  current  that  the  waste 
stuff  was  carried  down  with 
the  rich  material.  To  pre- 
vent this  difficulty  the  engi- 
neers of  the  Harz — Mr.  Vo- 
gely  of  Joachimsthal,  and  1^ 
Mr.  Wimmer,  of  Clausthal — 
invented    an    arrangement 

shown  by  Fig.  21.  Wimmer^s  Continnonaly-working  Jig. 

The  central  outlet  for  the  rich  stuff  is  covered  by  a  tube  <f,  supported 


*  Ure*ti  Dictionary,  wipplenient,  p.  858. 
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from  a  bar  of  wood  above  and  reacbing  dowD  tlirougb  the  layer  of  poor 
stuff  so  low  tbat  only  the  heavy  and  richer  portions  resting  directly 
apon  or  near  the  sieve  can  pass  downward  into  the  discharge  pipe  bj. 
This  pii>e  is  alternately  opened  and  closed  at  the  top  by  an  iron  stop 
per  placed  at  the  end  of  a  vertical  rod  the  upper  part  of  which  slides 
through  a  supporting  ring  g.  By  means  of  an  arm  i,  supported  on  a 
pivot  at  li,  the  stopper  is  alternately  raised  and  lowered  as  the  piston 
P  rises  and  falls.  The  opening  in  the  discharge  pipe  is  thus  opened  when 
the  piston  descends,  and  is  closed  when  it  ascends.'  It  has  been  fotind 
in  practice,  however,  that  this  arrangement  for  opening  and  closing  the 
discharge  pipe  does  not  give  satisfactory  results,  and  it  has  been  aban- 
doned. A  similar  machine,  in  use  in  the  Harz,  has  a  perforated  cyliuder 
d  sucrouiidiug  the  outlet  in  the  sieve,  and  the  bottom  of  the  hutch  is  in- 
clined toSvard  a  central  orifice,  so  that  it  beeomes  self-discharging.  The 
general  eoustnictiou  is  shown  by  Figs.  22  and  23.    From  Ave  to  six 


Pig.  22. 


I^K.23. 


Self-ilischarging  Jig — Harz. 

cubic  metres  of  stamp  stuff  can  be  passed  through  this  apparatus  in 
twelve  hours. 
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Continuously- 

WOBKING  JIG,  HABZ. — 
In  1863  Mr.  Geyer,  an 
engineer  from  Baden, 
intmdiieed  continuous- 
ly-TTorking  jigs  into  the 
great  ore-dressing  es- 
tablishment erected  by 
him  on  tbe  banks  of  tfae 
Latin.  In  ttie  construc- 
tion of  these  machines 
both  wood  and  metal 
were  employed.  The  ar- 
rangement of  the  parts 
is  represented  by  Figs. 
24  and  25.  It  is  »  dou- 
ble machine,  composed 
of  two  grates  and  two 
pistons,  acting  simulta- 
neously. Thegratesare 
inclined  forward,  and 
are  provided  with  a 
ehink  or  gutter  at  tbe 
lower  edge,  tbrougb 
whieh  the  concentrated 
ore  falls  into  inclined 
tTx>ughs  e.  Tbe  stufl' 
passes  from  one  grate 
to  another,  and  thus 
two  difl'erent  grades  of 
fineness  may  be  se- 
cured. Iron  plates  or 
partitions  are  placed  so 
as  to  govern  the  dis- 
charge, and  these  may 
be  raised  or  lowered  at 
pleasure  by  the  thumb- 
screws ee.  These  ma- 
chines, worked  at  sev- 
enty strokes  per  min- 
Qte,  will  wash  about 
nine  cubic  metres  of 
stamp  stuff,  diameter 
of  0».005,  in  a  day,  and 
they  require  about  300 
litres  of  water. 


CODttDaoiuly-worldng  Jig — wotloD  thr 
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Bittinger's  SELF-ACTmo  JiQ. — Oqc  of  the  most  interesting  machines 
of  thi»  cla^s  vftis  exhibited  in  the  Austrian  section,  and  is  the  invention 
of  Rittinger.     It  is  represented  by  Fig.  26,  and  ie  characterized  by  the 
f  j    Qg_  inclination  of  the  grate* 

~  and  the  lowuess  of  the 
fh>Qt  partition,  over 
which  the  poor  and 
lighter  stuff  falls  con- 
tinuously, and  with  very 
little  water,  while  the 
heavier  and  richer  por- 
tioDB  fall  tfaroagh  the 
I  j*^  opening  or  slit  o,  at  the 
II  ba«e  of  the  partition. 

This  partition  is  the 
segment  of  a  cylinder, 
and  is  supported  n]*on 
the  lever  or  arm  d,  so 
as  to  be  movable  t>ack 
and  forth  in  such  a 
manner  that  the  open- 
ing or  slit  o  may  be  in- 
Kittingert  Self-acting  Jig.  cKiv^    or   diminished 

at  pleasure.  The  hea\'y  stuff  passing  through  the  opening  falls  into  the 
box  K,  from  which  it  is  removed  as  required.  The  inclination  of  the 
grate  in  this  machine  is  from  Ave  to  eight  degrees.  It  in  fed  through  the 
hopiier  B,  which  plunges  below  the  surface  of  the  stuff  accumulated  on 
the  grate.  The  loss  of  water  which  occurs  at  each  stroke  of  the  piston 
is  replaced  from  a  reser^-oir  W,  at  the  back  of  the  apparatus.  Accord- 
ing t«  Kittinger,  exi>erience  has  shown  that  the  duty  of  self  acting  ma- 
chines of  this  kind  is  generall/ three  times  as  great  as  that  from  the 
ordinary  intei-mittent  working  apparatus. 

HUET  AND  Geylee's  SELF-ACTING  .TIG.— Most  Self-acting  jigs  require 
a  large  quantity  of  water,  and  this  in  many  localities  is  a  great  objection 
to  their  use.  Messrs.  Huet  and  Ueyler  exhibited  several  jigs  designed 
to  work  with  but  little  loss  of  water,  and,  at  the  same  time,  by  the  aid 
of  an  automatic  scraper,  to  increase  the  product  of  the  machine.  These 
jigs  are  constructed  entirely  of  iron,  iiiid  have  the  form  sho^ni  in  Pig.  27. 
The  tub  is  shui>ed  like  the  letter  U,  and  is  divided  into  two  compart- 
ments, one  for  the  piston  and  the  other  for  the  working  grate.  Water 
is  supplied  through  the  valve  A,  at  the  side,  and  the  tlue  stuff  or  slime 
which  falls  through  the  sieve  settles  ui>on  the  bottom,  and  is  discharged 
through  an  oi>cning  B,  controlled  by  a  lever  retiching  oat  to  the  front  of 
the  apparatus.  The  piston  is  operated  by  means  of  a  shaft  and  crank, 
which  works  in  an  inclined  slide  C,  connected  widi  a  lever  carrying  tiie 
piston,  so  as  to  give  a  rapid  descending  stroke  with  a  period  of  rest  at 
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Fig.  in. 


Antnaiatic  Jig  of  Huet  ^  Geyler. 

the  bottoii),  ami  then  ft  slow  upward  movement ;  thus  givinp;  the  most 
favorable  voiitlitiuiis  for  the  rapid  and  perfect  Beparation  of  the  stufl 
upon  the  grate. 

The  motion  of  the  piatou  may  be  varied  at  will,  in  order  to  sefure  the 
best  fiow  or  motion  of  the  wat«r  for  different  grades  of  ore.  This  adjust^ 
meat  ia  effected  by  shifting  the  position  of  the  head  of  the  piston  along 
the  lever  or  arm,  iind  by  this  means  increasing  or  diminishing  the  ampli- 
tude of  its  motion.  The  constrnction  of  this  slide  is  shown  in  the  tignre. 
By  turning  the  H.\ed  screw  «  «,  Fig.  >"ig-  as. 

:i8,  the  bead  of  the  piston  may  be        /x-~ 
move<l  f(»rwai-d  or  backward.  J^! 

The  machine  ia  provided  with  a  ^JAa 
scrajwr  It,  l-'ig.  2S,  actuated  by  the  ^-it: 
longrod  1>,  which  ia  attached  to  an 
eccentric  on  the  main  shall  and 
moves  the  levers  E  and  F,  giving 
to  the  scraper  a  forward  and  back- 
ward motion  over  the  top  of  the 
stuff  npon  the  grate,  and' throw- 
ing oat  a  portion  of  it  at  each  movement.  The  path  of  the  scni[>er  i: 
determined  by  the  guides  ti,  attached  to  each  side  of  the  tub.  It  can 
be  varied  by  means  of  screws  upon  the  lever  or  arm  F.  In  passing 
backward,  the  roller  or  projection  on  tl>e  iicrai>er,  which  follows  the 
goides,  rises  upon  the  movable  inclined  plfwe  O,  and  on  its  retain  passea 
bdow  this  plane,  following  the  double-dotted  Use  in  the  flgore.    The 
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poor  sttiff  from  the  top,  which  is  constantly  thrown  forward  and  off  by 
this  acrai»er,  falls  over  the  front  of  the  tub  at  R,  along  the  shute  M.  Th« 
grate  is  inclined  as  in  the  machine  of  Kittinger,  and  the  opening  for  the 
escape  of  tbe  heavier  and  rich  portion  is  similarly  placed  at  the  foot  of 
the  incline  and  just  below  the  bridge  over  which  tbe  poor  stuff  is  scraped. 
The  opening  is  shown  at  H.  It  is  closed  by  a  valve  which  extends 
along  the  whole  front  edge  of  tbe  sieve,  and  can  be  opened  and  closed 
at  pleasnre  by  a  lever.  The  stuff  passing  through  this  valve  falls  into 
a  receptacle  K,  from  which  it  may  be  removed  at  pleasure  through  the 
opening  L.  The  scraper  is  so  made  of  perforated  sheet-iron  that  it  does 
not  throw  the  water  out  together  with  the  waste.  These  jigs  are  made 
with  great  care  and  accuracy,  and  work  in  a  satisfactory  manner. 

SEPARATION  OF  ORES  BY  FALLING  THROUGH  A  COLUMN  OF  WATEK. 

Various  forms  of  apparatus  have  been  devised  to  effect  the  separation 
of  the  grains  of  either  coarse  or  fine  stamp  stuff  having  nearly  the  same 
volume,  but  differing  in  density,  by  allowing  them  to  fall  through  u 
column  of  water  either  at  rest  or  in  motion.  Such  machines  may  be  re- 
garded as  modifications  of  the  jig;  a  greater  length  of  fall  of  the  mate- 
rials in  water  being  substituted  for  a  succession  of  short  falls,  the  result 
of  the  repeated  shocks  or  jerks  given  to  the  -sieve.  Apparatus  of  this 
kind  forma  a  connecting  link  between  jigs  and  the  slime  separators. 
Three  different  forms  of  this  apparatus  were  shown  at  the  Expo^- 
tiOD,  viz : 

1.  The  apparatus  of  Mr.  Hundt,  engineer  from  Baden.  2.  Tbe  appa- 
ratus of  Mr.  de  Bittinger.    3.  Tbe  apparatus  of  Huet  and  Geylcr. 

HuNDT's  APPARATUS.— This  wfts  exhibited  in  the  Prussian  section, 

Glass  47.     Mr.  Hundt,  who  has  bad  large  experience  in  the  separation 

Fig,  29. 


SettUsg  ftppantna  of  Hr.  de  Bittinger. 
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of  coal,  states  that  he  has  ohtaiaed  excellent  results  with  thia  machine. 
It  was  first  put  into  operation  at  the  mills  of  the  Landerkrone  mines, 
near  Wilnsdorf,  in  July,  18C4, 

RiTTiNGBR's  APPARATUS. — The  coiistniction  is  shown  by  Fig.  29.  It 
consists  of  a  stationary  'nootlen  tuh  aa,  the  bottom  of  which  is  divided  into 
eight  conical  compartments  connecting  with  pipes  c,  wbicb,  after  descend- 
ing for  a  short  distance  into  the  foundation,  turn  upward  and  ontward,  and 
are  curved  at  theend  so  as  todeliver  the  water  from  the  tub  intoan  annular 
trongh  d.  A  double  cylinder//,  supported  by  a  shaft  g,  is  made  to  turn  in 
the  tub  a.  The  stuff  to  be  separated  is  delivered  in  a  constant  stream 
through  the  hopi>er  and  distributor  k  into  the  revolving  cylinder,  and  fall- 
ing through  the  water  in  this  space  is  sorted  and  colleetMl  in  the  conical  re- 
servoirs and  tubes  6.  A  branch  tube,  closed  by  valves  ««,  permits  the  re- 
moval of  this  concentrated  stuff  from  time  to  time.  The  waste  stuff  deliver- 
ed through  the  tubes  b  into  the  annular  trough  d,  flows  into  another  trough 
or  conduit  m,  whence  it  is  lifted  by  the  wheel  n,  and  returned  to  the  tub  a. 


Apparatus  of  Huet  &  Gey- 
lee. — This  was  shown  in  the 
French  section,  and  consists  of 
two  stationary  concentric  cylin- 
ders, about  three  feet  long — (Fig. 
30,  E  and  I.)  The  outer  cylinder 
is  terminated  at  the  bottom  by 
a  movable  cone  C,  with  an  outlet 
iu  the  center.  A  rotating  tub  B 
is  divided  into  compartments,  and 
is  so  placed  under  the  ai>erture 
of  the  cylinders,  that  it  receives 
the  stuff  that  falls  ft«m  them. 
The  stuff  for  separation  is  dropped 
at  intervals  into  the  hopper- 
shaited  top  of  the  cylinder  I,  and, 
in  falling  through  the  column  of 
water,  is  separated  according  to 
the  difference  of  the  si>ecifie  grav- 
ities. The  revolution  of  the  re- 
ceiving tub  B  must  correspond  in 
time  to  the  time  required  for  .the 
descent  of  the  different  grades 
of  the  stuff.  The  level  of  the 
water  in  the  apparatus  is  main- 
tained by  a  supply  pipe  T,  and 
any  excess  of  water  overflows  by 
the  gutter  G  around  the  top  of 
the  oater  cylinder.  The  some 
water  may  be  used  over  and  over  ' 
br  tmrnping  it  fixim  the  bottom 


Fig.  30. 
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of  the  apparatus.    It  is  essential  tliat  the  stutt'  shoald  be  well  sized 
before  it  enters  the  apparatus. 

Tlie  following  tabular  statement  shows  the  time  required  for  the  fall 
of  stamp  stuif  of  diiferent  minerals,  and  of  different  diameters : 


Siaeofthe 

gravel 

in  niillimetros. 

Galena, 
gravity  7. 56. 

Pyrites, 

gravity  4. 60 

to  5. 00. 

Seeondi. 

Barytes, 
gravity  4. 30^ 

Blende, 
gravity  4. 15. 

Seoondt. 

Quartz, 
gravity  2  70. 

Carbunaieof 

lime, 
gravity  S.  60. 

From       to 
30. 00        18. 00 

Seeotids. 
0.90 
1.11 
1.50 
1.84 
3.03 
2.48 
3.11 

Seconds. 

SicondM. 
3.36 

Seconda. 

id.  00         7. 00 

♦  a67 
4.61 
6.10 

7. 00         5. 50 

•  •« 

5.  50          4.  44 

4.  44          4. 17 

a  94          a  67 
3.77          3.50 

3.54 
a  43 

4  41 

2.81 

arj 

5.55 

&30 

11.33 

3.88 
4.61 
6.53 
9.78 
11.67 

7.37 
7.61 

a86 

5.26 
6l83 

1.  77          1.  30 

4.14                    6.31 
5. 37                  10.  36 

10.17 

1.00 

14.64 

17.31 

This  table  shows  that  the  velocity  of  the  receiving  tub  must  be  pro- 
portioned to  the  size  of  the  particles  of  the  stuif  to  be  separated  and  to 
the  height  of  the  fall.  For  a  height  of  1«».00,  the  number  of  revolu- 
tions of  the  tub  per  minute  must  be,  for  particles  of  0™.016  in  diameter 
21  revolutions ;  0™.004, 11  revolutions;  0^.001,  6  revolutions;  0™.00025, 
2.7  revolutions. 

This  apparatus  has  not  yet  been  long  enough  in  practical  operation  to 
prove  its  value,  and  it  requires  to  be  studied  and  experimented  with 
further  before  the  results  will  be  satisfactory,  yet  it  has  already  been 
found  that  a  tliorough  classification  of  the  stuff  is  essentijil ;  that  the 
feeding  and  the  motion  of  the  rotating  tub  must  be  regular;  that  the 
grains  which  separate  best  are  those  between  0n>.004  and  0™.01  in 
diameter ;  and  that  with  fine  stuff  the  results  are  incomplete.  When 
the  particles  are  0™.014  in  diameter  and  have  a  density  of  3.15,  they 
will  precipitate  trom  compartment  to  compartment  in  the  following 
order : 

First  compartment density,  4.2 

Second  compartment         .        :        .        .         density,  3.2 

Third  compartment density,  2.9 

Fourth  compartment         ....         density,  2.9 
Fifth  compartment        ....  .  density,  2.9 

Sixth  compartment density,  2.8; 

For  the  p.ir tides  of  0'».014  in  diameter,  the  proper  number  of  turns 
is  three  and  a  half,  and  for  particles  of  0™.004,  five  turns.  One  of  these 
coutriv^ances  will  deliver  about  750  quarts  of  gravel  per  hour. 

In  conclusion,  it  may  be  said  that  although  the  different  forms  of 
apparatus  described  have  not  yet  given  results  in  all  respect  satisfac- 
tory, several  mills  have  found  it  advantageous  to  use  them*  There  is 
no  doubt  that  great  improvements  may  yet  be  made  in  this  direction* 


7  per  cent. 

52  per  cent. 

24  per  cent'. 

12  i>er  cent. 
3  per  cent^ 
2  per  cent. 
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In  concludiug  tliesc  observations  upon  apparatiiH  for  separating  8tani)i 
Htuff,  wbere  the  particles  are  more  ttiaii  U  .00025  m  diameter,  it  ma; 
l>e  uietitioued  tbat  Messrs.  liiiet  and  Geyler  are  still  enga^^iHl  in 
constructing  an  apparatus  for  tl>c  purpose.  It  eonsists  of  a  series  oC 
inclined  fixed  sieves  connected  with  a  piston,  wliich  will  make  fn>rii 
liW  to  200  strokes  iier  itiinute,  so  as  to  keep  the  stuff  sns]*ended  as  hmg 
as  possible  in  its  [tassage  across  the  sieves.  Some  preliminary  trials 
with  the  apjtaratus  promise  good  resalts. 

CLASSIKICATIOX  OK  WANDV  STUKF. 

In  classifying  gravelly  or  comparatively  coarse  materials  in  jigs,  it  is 
Houglit  to  obtain  by  means  of  the  trommels  particles  of  equal  volume, 
but  for  the  classiftcation  of  sands  it  is  the  reverse ;  for  it  is  necessary  to 
obtain  a  eombiuatioii  between  the  weight  and  the  volume,  or,  in  other 
words,  to  nnite  smaller  grains  or  particles  of  great  density  with  larger 
or  coarser  particles  of  less  density,  thus  obbuning  a  mixture  which  is 
very  favonible  for  enrichment  by  concentration  on  tables  or  buddies. 

In  general,  the  appiiratus  for  classifying  or  separating  the  sandy  and 
fine  stuff  consists  of  vessels  or  cisterns  into  which  the  mixtures  are 
delivered  in  currents  of  water,  so  that  the  lighter  itortions  flow  off  at 
the  top,  while  the  sand  and  heavy  particles  fall  to  the  bottom  and  aiv 
drawn  off  through  a  small  ai>erture.  Tlie  sizing  cisterns  and  separ 
ating  boxes  with  sloping  sides,  iu  use  at  Schemnitz,  arcof  thischaract^'r. 
Fig.  31. 


Coiiieal  8i>]HiTnton<. 
The  conical  sei)arators  shown  by  Fig.  .^1,  make  one  of  the  most  coni- 
plet«  and  effective  forms  of  apparatus,  but  they  re^iuire  a  large  quantity 
7k 
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ot  water.    The  construction  may  be  readily  understood  from  the  draw- 
ing.   It  consists  of  two  concentric  fixed  cones,  so  placed  that  the  space 
Pig.  32.  between  them  may  be  increiised  or  dimin- 

ished at  i)leasure  by  means  of  an  adjusting 
screw  which  raises  or  lowers  the  inner  c^me. 
The  mixed  stutt'  enters  by  the  middle  cone 
and  falls  through  holes  into  the  annular 
space  between  the  cones,  where  it  encoun- 
ters an  ascending  current  of  water.  In  tlie 
upward  How  of  this  water  the  lighter  stuff 
is  removed  and  the  heavier  particles  fall  to 
the  bottom  and  are  discharged  in  a  constiint 
stream  through  a  conical  valve.  A  si»ries  of 
such  separating  cones  placed  one  l)elow 
another,  so  that  the  second  mav  ret*eive 
the  overtlow  of  the  first,  and  so  on  in  succes- 
sion, is  <me  of  the  best  forms  of  apparatus 
for  the  separation  of  slime  from  sand. 

RiTTlNGER'S  SEPARATING  TI^BS  WITH  AS- 
CENDING   CURRENTS. — In    this    appanitus, 
shown  in  section  by  Fig.  32,  tubs  or  com- 
partments increasing  in  size  are  placed  one 
below  another  so  as  to  form  a  continuous 
series,  and  they  are  supported  upon  an  in- 
cliued  frame  so  as  to  give  free  access  to  the 
bottoms  of  the  tubs.    The  sides  of  the^se  tubs 
slope  toward  a  central  opening  at  the  bot 
tom,  thus  fonuing  hopi>er-shai)ed  vessels,  or 
inverted  hollow  pyramids.    The  oi>ening  at 
the  bottom  is  closed  by  a  valve  or  plug  xV, 
through  which  the  heavy  stutt'  which  col- 
lects   may    be    drawn   off.     The  tubs  are 
joined  together  by  the  edges,  and  the  outer 
edges  of  the  series  are  the  highest,  so  that 
when  filled  with  water  the  edges  between 
one  tub  and   the  next  are  below  the  sur- 
face, an<l  thus  permit  a  continuous  flow  of 
water  from  one  end  of  the  series  to  the  other. 
A  long  supply-water  pii>e  extends  over  the 
top  of  the  tubs,  and  by  means  of  brsiuches 
13  B  delivers  a  curi'eut  of  water  near  the 
iV^  .  bottom  of  each  tub.    The  stuff  enters  by  a 

launder  at  0,  and  the  hea\iest  partich*s  fall 
gradually  toward  the  bottom  of  the  v(*ssel, 
and  in  their  descent  meet  with  an  ascrend- 
Rittinger^sSeparatiiiK  Tubs  with  [ug  cun^ent  from  tiie  pii>e  B.    The  lighter 

ascending  ciirrvuts. 
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portions  are  thus  carried  upward  and  flow  over  into  the  next  tub,  and 
so  on  to  the  tliird,  and  finally  are  delivered  at  the  outlet  into  the  waste 
pipe  at  \V.  As  the  size  of  the  tub  increases  the  ascendiiifj  currents  froni 
the  pii)es  have  less  and  less  force  and  only  the  finest  and  jKHU'est  i>or- 
tions  are  carried  away. 

This  arrangement  gives  very  satisfactory  results.  It  will  wash  and 
separate  about  a  ton  of  sand  each  hour,  an<l  it  recjuires  from  120  to  15() 
quarts  of  water  per  minute.  The  apparatus  is  usually  constructed  of 
woo<l,  but  the  figure  represents  it  as  made  of  iron,  the  advantages  of 
which  for  such  ap[)aratus  have  already  been  noted. 

SLIME  SEPARATOKS,  SHAKING  TABLES,  AND  CIRCl'LAR  BUDDLES. 

Several  forms  of  apparatus  for  concentrating  fine  stuft'and  the  separ- 
ation of  slime  from  sands  by  washing  upon  inclined  surfaces  were  shown 
in  the  ditl'erent  sections  of  the  Exposition,  but  none  of  the  various  con- 
trivances for  this  pur[K)se  which  have  originated  and  are  in  use  in  the 
United  States  were  shown.  The  principal  exhibits  were  a  shaking  table 
with  an  endless  belt,  or  cloth,  constru<?ted  by  Messi*s.  Iluet  and  (reyler, 
shaking  or  percussion  tables  with  latend  motion,  (the  stossheerd  of 
Rittinger,)  and  rotary  tables,  or  circular  buddies,  constructed  entirely 
of  metal. 

Shaking  table  with  endless  cloth. — A  machine  of  this  dest^rij)- 
tion  was  exhibited  by  Messrs.  Huet  andGeyler,  in  connection  with  their 
otlief  apparatus  for  ore-dressing.  It  consists  of  a  strong  iron  frame,  with 
rollers  at  ea<*h  end,  over  which  an  endless  band  of  cloth  as  wide  as  the 
table  is  stn^tched.  Tliis  cloth,  which  forms  the  surface  of  the  incline<l 
table  upon  which  the  stuft'  is  to  be  washed,  is  made  to  revolve  by  means 
of  motion  communicated  to  the  upper  roller  by  a  pulley.  The  whole 
table  with  the  frame  is  so  suspended  in  an  outer  fnune  that  a  shaking 
motion  or  sliock  can  be  given  to  it  by  cams  acting  on  each  si<le  of  the 
frame.  With  the  ex<'eption  of  this  shaking  or  i>ercussion,  it  is  similar 
in  construction  to  lirunton's  nnu'hine,  used  at  l)ev<m  Great  Consols,  in 
Cornwall,  an<l  descrilK»d  in  the  supplement  to  Ure's  <lictionary. 

The  slope  of  the  surface  of  the  cloth,  and  its  sjn^ed  of  rotation,  may 
be  (rhanged  at  will,  and  the  number  of  jerks  and  their  strt»ngth  can  Ix* 
varie<l  by  means  of  the  adjusting  screw  provided  for  the  puqmse. 

KiTTINGEU'S   CONTINUOUSLY  WORKING   STOSSHEERD. — This  is  One  of 

the  most  interesting  and  important  concentrating  nuu'hines  which  has 
yet  l>een  invented.  It  was  shown  by  models  in  the  Austrian  s<*ction, 
and  was  oamined  by  one  of  the  writers  at  the  Kronprinz  Concentration 
Works,  near  Freiberg,  Saxony.  A  very  full  description  of  this  stossheerd, 
with  large  <lrawings  made  to  scale,  has  been  publishe<l  by  Mr.  Kittinger : 
but  as  that  information  is  inaccessible  to  the  mjyority  of  the  i>ersons 
interested  in  the  mechanical  concentration  of  on*s  in  the  United  State-s, 
a  brief  description  is  desinible. 
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Fijr.  33. 


Rittiiiger*8  Continuously-working  StoHsheerd — aide  view. 


I       l-:Jig~: 


Rittinj^rr'rt  Coutiiiuously-workiiij;  Stosslioord — vortical  view. 

A  side  view  of  this  apparatus  is  given  in  Fig.  33,  and  a  vertical  \ie\v 
in  Fig.  34.  It  consists  of  a  wooden  table  or  platform,  about  eight  feet 
long  and  four  wide,  suspended  at  the  four  corners,  and  inclined  forward 
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SO  that  watt*r  and  fine  stnflf  pouivd  ujwn  the  upper  part  will  flow  evenly 
down  to  the  front  edj^e.  A  lateral  throw  and  iM»reu8sion  is  fi^iven  to  the 
whole  table  by  means  of  cams  c  upon  a  shaft  at  the  side,  and  thereaetin^ 
wooden  spring  S  upon  the  opposite  side  of  the  table.  Two  tables  are  usu- 
ally combined  in  one,  and  they  are  separated  by  a  narrow  strip  of  wood 
extendinji:  the  whole  length ;  similar  strips  are  plaeed  on  each  side  of  tlie 
table,  and  serve  to  keep  the  water  and  stuff  from  flowin<?  olf.  The  stufl" 
to  be  washed  is  delivered  upon  the  tables  at  the  upper  left-hand  corner, 
at  A,  in  Fig.  34.  The  distributors  P  P  P  furnish  ch»ar  water.  While  the 
table  is  at  rest,  the  tendency  of  the  stulf  is  to  flow  down  the  slope  in  a 
direct  line  from  A  to  A'.  By  nteans  of  the  lateral  percussion,  howeviT, 
the  i)ath  of  the  heavier  particles  is  changed,  and  they  are  gradually 
thrown  from  left  to  right,  along  the  surface  of  the  tabic,  at  right  angh*s 
to  the  direction  of  the  current  of  clear  water.  This  current  tends  at  the 
same  tinu»  to  sweep  the  particles  downward,  and  it  acts  upon  the  light 
sterile  matters  more  rai)idly  than  ui>on  the  heavy  ore.  The  result  is, 
that  the  heavier  and  richer  particles  are  gradually  separated  i'rom  the 
l>oor  stuli'and  describe  the  path  upon  the  table  indicated  by  the  dotted 
lines.  By  the  time  the  particles  have  reache<l  the  foot  of  the  table,  the 
richest  portions  have  been  transferred  to  the  corner  of  the  table  diag- 
onally op[)osite  to  that  upon  which  the  stuff  entered,  and  they  flow 
off  into  the  comjiartment  K.  The  ''  middlings"  are  dropi)ed  into  the 
next  compartment  I>,  and  the  poor  falls  into  C. 

In  onler  that  good  results  may  be  obtained  with  this  apparatus,  the 
following  conditions  must  be  observed : 

1  The  surface  of  the  table  must  be  very  smooth. 

2  The  length  must  be  about  2»".oO,  and  the  width  from  1"'.25  to  1  ."»(>. 
The  width  of  space  over  which  the  stuff"  is  delivered  must  be  from  ()"MJ(> 
too  .30. 

3.  The  inclination  of  the  table  must  be  in  dinH*t  nitio  to  the  size  of  the 
stuff  to  be  washed.  For  sand,  it  re^piires  to  be  about  six  degrees,  antl 
for  fine  powders  about  three  degrees. 

4.  The  amount  of  clear  water  to  W  admitte<l  at  the  top  of  the  tabh'. 
and  to  be  sprea<l  over  a  width  of  from  0'".3()  to  ()"».3.'),  will  be  nearly  con- 
stant. For  sand,  alM)Ut  six  (juarts  a  hiinute  is  necessiiry  ;  ami  for  dust, 
or  fine  stuff',  from  three  to  thive  an<i  a  Imlf  quarts.  If  the  s1o]K*  of  the 
table  is  diminished,  and  the  size  of  the  stuff' remains  the  same,  the  <|uan- 
tity  of  water  should  be  increased.  It  is  necessary  U)  distribute  this 
supply  of  water  quite  near  to  the  stuff  to  be  washed,  so  as  to  facilitate 
the  s<q>aration  of  the  light  and  poor  stuff*  from  the  ri<^h. 

5.  The  number  of  shocks  jmt  minute  should  be,  f<u'  sand,  from  70  to  SO; 
for  dust,  IH)  to  100;  for  poor  and  fine  slime  ami  dust  it  is  sometiuM's 
advantiigeous  to  carry  the  number  of  shocks  or  jerks  as  high  aslLM),  and 
sometimes  140  ]>er  minute. 

0.  The  tiMision  of  the  spring  is  ecpud  to  KM)  or  112  kilogrammes.  The 
amount  of  movement  necessary  to  i>roduce  the  reipiisit^  vibrations  is. 
for  sand,  0»\005 ;  and  for  dust,  0^.020  to  0"\013. 
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7.  Tlio  velocity  of  the  cuiTont  upon  the  table  should  be  from  0">.25  to 
()'».ir)  per  secoini,  acex)rding  to  the  nature  of  the  stuff. 

8.  The  j^reatest  re^uhirity  must  bo  observed  in  the  number  of  jerks 
or  shocks;  in  the  (piantity  of  stuff  admitted  upon  the  table,  including 
water ;  in  tlu^  nature  of  the  stuff'  to  be  treate<i;  in  tlie  slope  of  the  table, 
which  must  be  <liminished  as  the  stuff'  to  be  washed  grows  poorer  and 
lijrhter.     Careful  attention  to  all  these  points  is  essential  to  succ^^ss. 

The  apparatus  gives  three  products.  The  mixed  or  middlings  can  be 
)mss(Ml  over  the  table  a  se<;ond  tiim*.  Stuff*  of  which  the  parti<*les  are 
()"'.0()4  in  diameter  can  be  treated  as  successfully  as  the  finest  slime.  It 
saves  much  labor.  One  man  can  attend  two  twin-tableii.  The  i>ower 
require<l  for  ten  twin -tables  is  about  one-quarter  of  one  horse-power. 

KoTATixa  Huddles. — Two  forms  of  rotating  buddies  were  shown  in 
the  FnMich  section  by  Messrs.  Iluet  and  Geyler,  one  being  concave  and 
the  other  convex,  and  both  nmde  entirely  of  iron  and  accurately  finished. 
The  constnn^tion  of  the  concave  buddle  is  shown  by  Fig.  35.  The  stuff 
to  be  crushed  is  supplied  at  the  circumference  of  the  circular  or  annular 
tiibl<»,  an<i  is  discharged  into  different  compartments  at  the  center. 


The  fouiulation  plate  sustains  the  divStributing  pipe,  the  water  pipe, 
the  waste  gutter,  and  the  driving  shaft.  An  endless  screw  upon  this 
siiaft  gives  motion  to  the  concave  table.  Experience  in  using  this  buddle 
has  shown  that  it  is  desirable  to  have  a  great-er  number  of  sprinkling 
I>ipes  than  are  generally  used  in  the  Ilarz.  It  is  said  that  the  washing 
of  the  stuff  is  completed  in  one  operation,  while  with  the  German  con- 
struction it  sometimes  happens  that  the  stuff  must  be  passed  twice  over 
the  ma<*liine  to  obtain  an  ecpml  result. 

The  convex  buddle  is  also  an  annular  table,  but  instead  of  sloping 
inward  toward  the  center,  it  slopes  from  the  center  outward,  being  the 
reverse  of  the  concave  bmhlle.  The  stuff  is  supplied  on  the  inner  margin 
and  flows  outward  to  the  lower  edge,  and  is  lielivered  into  a  succssion 
of  ainiular  troughs. 

The  i'onstruction  is  similar  to  that  of  the  coiurave  bud<lle.  A  cast-iron 
frame  supports  the  table,  the  driving  shaft,  the  water  pipes,  and  all  the 
fixtures.  The  tangent  screw  and  the  driving  shaft  work  in  a  hollow  ca«e 
of  cast  iron. 
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These  buddies  are  intended  to  wasli  only  tlie  fine  alimes,  and  slionld 
be  fod  from  the  conical  stsparatorti  or  trnukiiig  apiiumtns.  Sat isl'ac lory 
results  deppud  upon  regularity  in  the  motion  and  the  even  and  inii|H-r 
ftupply  of  stuff  and  of  clear  water.  It  is  well  to  work  these  buddies  in 
pairs  and  even  to  use  tliree,  the  second  taking  the  niiddliucs  fnna  the 
first,  and  the  thinl  the  ndddlingsfrom  the  second.  It  is  claimed  fur  this 
apparatus  that  the  duty  is  equal  to  that  of  Rittingei''s  vontiuual  workinj: 
stosslieerd.  The  quantity  of  water  required  varies  fi-om  60  to  70  fpiarts. 
or  more,  for  the  conciive  buddies,  and  from  90  to  120  qimrts  a  iniunt<^ 
for  the  convex  buddies.  They  require  about  one-fourth  of  a  horse-|)«wer 
to  run  tliem.  One  man  can  attend  to  six  untchines.  For  feeding  them 
with  regularity,  Mes-srs,  Fluet  aud  Geyler  use  a  hopper  with  a  distributing 
helix,  so  arrangtMl  as  to  give  a  regular  supply  of  the  material  to  be 
wHshe<l,  from  the  couimeiiceiueut  to  the  end  of  the  oi>en)tion. 
CHAI>f  ELEVATORS. 

In  the  a])paratus  for  ore-di-essing  shown  by  the  firm  of  Messi-s,  Ilnet 
and  Geyler,  much  use  is  made  of  a  very  ingeniously  constructed  chain 
elevator,  which  drags,  scrapes,  and  hoists  the  materials  ft-om  one  pit-ce 
of  apparatus  to  another,  thus  saving  a  great  amount  of  hand  labor.  It 
consists  of  a  succession  of  buckets,  made  of  cast  iron,  antted  so  as  to 
form  a  chain,  a^  showu  in  Figs.  30  and  37.  The  wheels  D,  which  i^np- 
Fig.  as.  F\g.  37. 


Cbuin  K!i'nii(.r — Hide  view.  Cbaiii  Klrvutur— fnmt  vii-ti. 

l>ort  and  give  motion  to  tliis  elevator,  are  catit  with  arms  K   K.  nhioli 
catch  regularly  upon  the  Joints  H  H,  between  the  buckets  U. 
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CONCLUSION. 

In  coiiclnding  this  resume  of  the  machines  and  apjiaratiis  for  ore- 
dressin^r  shown  at  the  Exposition  of  1807,  reference  slionhl  be  made  to 
the  great  advances  made  in  the  United  St^ites  during;;  the  past  ten  years. 
The  discov(?ry  of  the  wonderfnl  silver-bearing  veins  of  Washo<%  nud  the 
rapid  increase  of  both  silver  and  gohl  mining,  gav(»  an  impetus  to  the 
mannfacture  of  ma<»hin<n*y  for  the  rapid  crushing,  stamping,  sorting, 
grinding,  and  concentration  of  ores  of  all  kinds  whidi  has  never  becm 
equaled.  The  nature  and  extent  of  the  improvements  made  in  stamp- 
ing and  grinding  nmchinery  upon  the  Pacific  coast  is  as  yet  hardly  knowu 
in  EuroiK*,  or  even  in  the  Atlantic  States. 

At  Lake  Superior,  BalPs  stamps  have  been  us<»d  with  great  sueeeas. 
Th<^  duty  of  these  stauij^s  has  been  increased  so  that  they  now  crush 
nt*arly  100  tons  of  rock  eai^h  i>er  day.  Blake's  rock-breaker  is  in  aluiost 
universal  use  in  the  United  States  and  Europe  and  Australia,  and  is 
one  of  the  most  useful  and  labor-saving  machines  which  has  Iwen  added 
to  the  list  of  machines  for  the  mechanical  ])reparation  of  ores. 

Of  the  apparatus  which  has  been  described,  it  is  probable  that  the 
sorting  or  sizing  boxes,  the  improved  stossheerd  of  Rittinger,  and  i>er- 
hups  the  automatic  jigs  of  Iluet  and  Geyler,  can  l)eadoi)ted  with  advan- 
tag<^  by  most  of  the  concentrating  works  in  the  United  States. 
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